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Abstract
ABSTRACT
Children’s fruit and vegetable intake is well below recommended levels on average, but 
explanations for the wide variation in consumption remain elusive. This thesis 
investigates the determinants of children’s food preferences and eating habits with the 
aim of informing the development of effective interventions to promote healthier diets.
Study 1 examined the developmental patterning of food preferences from age four to 16 
in a large cross-sectional survey. Vegetables were widely disliked at all ages with little 
evidence of developmental improvement, but children rated fruit unexpectedly highly. 
Study 2 investigated the relative contribution of parental behaviours and children’s own 
traits to fruit and vegetable consumption in a large sample of preschool children. The 
strongest predictors of children’s intake were parental intake and the child’s food 
neophobia. Two studies further investigated the relationship with neophobia. In Study 
3A, neophobia was significantly negatively correlated with intake of fruit, vegetables 
and protein, but not with intake of starchy, dairy, or fatty/sugary foods. These findings 
were based on parental reports of children’s intake, but they were replicated in Study 3B 
which assessed food intake directly in a school setting. Study 4 investigated the relative 
contribution of genes and environment to phenotypic variation in neophobia in a large 
cohort of 9-11 year-old twins. Heritability estimates for neophobia were high but 
nevertheless over a quarter of the variance was accounted for by shared environmental 
factors, pointing to the importance of the home setting. Study 5 was a RCT of an 
exposure-based intervention aimed at increasing children’s acceptance of vegetables. 
Intake was measured in taste tests and showed significantly greater increases in the 
intervention group than either of the control conditions. Finally, Study 6 tested the 
effectiveness of the intervention in a low-income population; obtaining similar results. 
The implications and potential applications of these findings are discussed.
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Foreword
FOREWORD
Data collection for the studies reported here took place between 1999 and 2006. Over 
this period of time, interest in the development and modification of children’s food 
choices and eating patterns has grown and an extensive literature has emerged. I have 
attempted to include the latest research in the area in my literature review and in the 
introduction and discussion for each study. However, some of the cited work was 
published after the completion of my research and the thesis should be read with this in 
mind.
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Chapter 1 Introduction
CHAPTER 1:
INTRODUCTION
1.1 THE IMPORTANCE OF FRUIT AND VEGETABLES1
Fruit and vegetables have long held prime position in public conceptions of a healthy 
diet and the past twenty years have seen a flood of research confirming associations with 
health outcomes. Diets high in fruit and vegetables have been associated with multiple 
health benefits including reduced risk of cardiovascular disease (Hu et al. 2000; 
Joshipura et al. 2001; Liu et al. 2000) stroke (Joshipura et al. 1999; He, Nowson & 
MacGregor, 2006 for a meta-analysis), diabetes (Ford & Mokdad 2000), and some 
cancers (Colditz et al, 1996; Steinmetz & Potter 1996; Willett & Trichopoulos 1996; 
World Cancer Research Fund 1997). Evidence also suggests that increasing intake of 
fruit and vegetables can help to lower blood pressure (Appel et al, 1997; John et al, 
2002). Figure 1.1 shows that fruit and vegetable intake is the fifth most important risk 
factor for mortality after hypertension, obesity, smoking and cholesterol.
Figure 1.1: Number of deaths attributable to selected risk factors
Blood pressure 
Obesity 
Tobacco 
Cholesterol 
Low fruity veg intake 
Physical inactivity 
Alcohol 
Urban air pollution 
Occupational injuries 
Occupational partKulates 
lead exposure 
IHtdt drugs 
Occupational carcinogens
Deaths in millions
Source: World Health Organisation (2002)
1 One issue requiring clarification concerns definitions of fruits and vegetables. Where many North 
American researchers include potatoes (and sometimes even french fries) in the category of vegetables, 
Europeans typically exclude them since, with the exception of Vitamin C, potatoes lack the antioxidants, 
vitamins and minerals that other fruits and vegetables contain and are classified as carbohydrates. Some 
researchers also include 100% juice in the category of fruits. Information as to what is and isn’t included 
is often lacking and comparison between studies is therefore problematic. In the studies conducted as part 
of this thesis, fruits and vegetables are defined as those which are fresh, dried, frozen or canned and 
potatoes and juice are excluded.
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Most of the research in this area has focused on adults, but there is also evidence that 
childhood diet negatively affects adult health. For example, researchers following up the 
Boyd-Orr cohort reported that fruit and vegetable consumption in childhood can protect 
against cancer in adulthood (Maynard et al, 2003) although the health benefits are not 
only apparent in later life. High fruit and vegetable intake has been linked to smaller 
yearly gains in systolic blood pressure throughout childhood (Moore et al. 2005) and to 
greater bone mass (Tylavsky et al. 2004) and bone mineral density (McGartland et al. 
2004) in early pubertal girls. In a recent study of over twenty thousand children from six 
Central and East European countries, respiratory symptoms were associated with low 
fruit and vegetable intake (Antova et al, 2003).
Unhealthy diets have also contributed to the worldwide epidemic of obesity and 
consumption of fruit and vegetables has been linked to body weight and weight change. 
Epstein and colleagues found that simply advising obese parents to increase fruit and 
vegetable intake resulted in a decrease in consumption of high fat/high sugar foods and 
greater decreases in percentage overweight than among parents advised to limit fat and 
sugar consumption (Epstein et al, 2001). This suggests that fruit and vegetables may 
displace less healthy foods in the diet. Further support for this idea comes from Alexy et 
al (2004) who observed that a group of low fat consumers aged 2-18 years ate more fruit 
and vegetables than did medium or high fat consumers. Likewise the Avon 
Longitudinal Study of Parents and Children (ALSPAC) reported that as fat intake 
increased in 18 month-old children, so vegetable and especially fruit intake decreased. 
This effect was still observed when the same cohort was followed up at 43 months of 
age (Rogers & Emmett, 2002). Findings have not been unequivocal, however: in a large 
prospective cohort study, Field et al (2003) failed to find an association between changes 
in BMI and intake of fruits, fruit juices and vegetables in 9-14 year olds. A further study 
of preschool children from low income families also concluded that fruit and vegetable 
consumption at baseline was not related to weight change over a period of six to twelve 
months, after controlling for baseline weight and change in height (Newby et al, 2003).
A recent review concluded that the evidence of a causal relationship is as yet insufficient
18
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but that the more “carefully focused epidemiological studies” appeared to support a link 
between higher fruit and vegetable intake and lower body weight (Tohill et al, 2004).
It has been estimated that as much as 4.4% of the overall burden of disease in Europe 
can be attributed to inadequate consumption of fruit and vegetables (World Health 
Organisation, 2002) and in the UK, treatment of ill health resulting from poor diet is 
estimated to be costing the National Health Service in excess of £4 billion per year 
(Department of Health: Choosing Health: Choosing a better diet: A Food and Health 
Action Plan, 2005). Up to 2.7 million lives could potentially be saved worldwide if fruit 
and vegetable consumption could be increased substantially (WHO, Fruit and vegetable 
promotion initiative. Report of a WHO fruit and vegetable initiative expert meeting held 
in Geneva, Switzerland, 25-27 August 2003, WHO, 2003).
The World Health Organisation (WHO, 1990) recommends that adults consume at least 
five servings of fruit and vegetables (approximately 400g) per day, and many countries 
make similar recommendations in their nutrition guidelines (Cannon 1992)2. However, 
despite a growing awareness of the potential benefits to public health of consuming 
more fruit and vegetables, intake remains well below recommended levels in most 
countries (Guenther et al, 2006; Sproston & Primatesta, 2004), with consumption among 
children being particularly low. The Health Survey for England 2002 (Sproston & 
Primatesta, 2003) found that children aged between 5 and 15 years consumed only 2.5 
servings of fruit and vegetables a day on average, and the National Diet and Nutrition 
Survey (Gregory et al. 2000) found that over a period of seven days 53% of boys and 
41% of girls aged 4-18 years had eaten no raw or salad vegetables at all. Similarly
2 400g equates to 5 servings of roughly 80 grammes (g). Specific recommendations for children are not 
available. Some have suggested that for very young children, servings should be approximately half those 
for adults (.i.e.40g, CDC, http://www.cdc.gOv/nccdphp/dnpa/5ADav/faq/size.htm#l. accessed 9/2/06), 
although this will vary according to the type of fruit or vegetable and the age of the child. Some 
researchers define a serving as the amount “usually” put on a child’s plate (Baranowski et al, 2000) whilst 
others refer to “standardised portions” but fail to provide details of these (Perry et al, 1998). In a rare 
exception Lowe and colleagues (Lowe et al, 2004) define a child’s portion as weighing, on average, 60g. 
In the absence of a consensus, comparison of results of interventions is problematic.
19
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disturbing findings have been reported for North American and Australian children 
(Dennison et al, 1998; Magarey, et al, 2001). Data relating to pre-schoolers’ intake is 
sparse although the National Diet and Nutrition Survey of the intakes of 18-month to 4V2 
year olds found that consumption of fruit averaged only 50g and vegetables only 32g 
daily (Gregory et al, 1995) and average daily intake of 3 year olds in the ALSPAC 
cohort was 69g and 40g respectively (Emmett et al, 2002). Given the lack of specific 
recommendations for children, distribution of eating frequency may be a more useful 
guide to intake in this age group. A recent study in the North of England used this type 
of measure and found that only 16% of 3-4 year olds were eating fruit and vegetables 
five times daily and 14% were eating none at all (Cockroft et al, 2005).
Increasing fruit and vegetable intake has become a worldwide public health priority. At 
the World Health Assembly in 2004, the WHO adopted a global strategy on diet, 
physical activity and health for the prevention of non-communicable diseases. The 
WHO European Region has called for member states to develop nutrition plans and 
strategies with a view to improving dietary health behaviours by the year 2015. In the 
UK, the Government has responded by producing the White Paper on Public Health 
entitled “Choosing Health” and in 2005 published “Choosing a Better Diet: a food and 
health action plan” which includes as an objective: “To increase the average 
consumption of fruit and vegetables to at least five portions per day”. Whilst this may 
be ambitious, an average increase of as little as 0.5 servings per day has been deemed 
clinically significant and could result in an 8% reduction in the incidence of cancer 
(WCRF, 1997).
Because eating behaviours are initiated in childhood and have been shown to track into 
adulthood (Branen & Fletcher, 1999; Krebs-Smith et al, 1995; Lytle et al, 2000; Mikkila 
et al, 2004) early intervention seems likely to reap the maximum health benefit. There 
may be additional benefits associated with improving children’s diets since it appears 
that their food preferences can influence the entire family’s diet (Birch, 1990; Laforge et 
al, 1994, Wardle, 1995). However, if we are to intervene effectively, it is important to
20
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understand how eating behaviour develops and to identify the factors that determine 
children’s food acceptance and intake.
Before reviewing the literature concerning the development of children’s eating habits, it 
is worth making distinctions between the terms commonly used to discuss children’s 
interactions with food, i.e. intake or consumption, acceptance, preference and liking. 
Intake or consumption refers to what children actually eat, ideally measured objectively, 
but sometimes by subjective report. Acceptance can be defined as willingness to try or 
consume a food. Preference implies the choice of one food over another and liking 
describes a hedonic reaction to a food (Rozin & Vollmecke 1986). In practice, these 
latter terms have been used interchangeably and will be in this document, except where 
the data permit the distinction to be made.
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1.2 THE DETERMINANTS OF CHILDREN’S EATING HABITS
Whilst children’s intake of fruit and vegetables is low overall, there is considerable 
variation in the extent to which individual children like and consume fruit and 
vegetables. In adults, formal models of health behaviour have been used to determine 
the relative influences on dietary behaviour with some success (e.g. Brug et al, 2006; 
Laforge et al, 1994; Shepherd & Towler, 1992). The most widely known and influential 
social cognitive models (e.g. Theory of Planned Behaviour (Ajzen 1985), Health Belief 
Model (Janz & Becker 1984); Theory of Reasoned Action (Fishbein & Ajzen 1975); 
Social Cognitive Theory/Self-Efficacy Theory (Bandura 1986) share many similarities at 
a conceptual level. The decision to act is considered to be the end result of a rational 
analysis of the relative costs and benefits associated with that action. Where the models 
differ is in the particular set of beliefs thought to be most predictive of action although 
there is considerable overlap of constructs. For example, self-efficacy, outcome 
expectancies and intentions appear in most models although they may be labeled 
differently.
The social cognitive models are not without their critics, however (e.g. Resnicow & 
Vaughan, 2006), and their utility for explanations of variation in children’s eating 
behaviour is far from certain (e.g. Bere & Klepp, 2004; Domel et al, 1995; 1996). 
Particularly in the youngest children who have little autonomy with regard to their food 
intake, a less structured approach may be more appropriate (Gibson et al 1998).
It is likely that a child’s eating patterns are the result of a complex interplay of factors at 
multiple levels, from distal macro-system influences to the proximal psychosocial and 
behavioural characteristics of the individual (Figure 1.2).
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Figure 1.2: An ecological model of influences on children’s eating patterns
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The model is drawn from Story, Neumark-Sztainer and French (2002) who proposed 
that adolescent eating behaviour is the result of four interacting levels of influence: 
Societal influences include government policy and law, social and cultural norms and 
mass media and marketing.
Environmental influences comprise the physical environment and include schools, shops 
and fast food outlets.
Interpersonal influences are aspects of the social environment including family, peers, 
and teachers.
Intra-personal influences are biological, psychosocial, and behavioural characteristics of 
the individual.
The relative importance of these factors may differ across the lifespan. For example, 
aspects of the physical environment such as school vending machines and food
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provision, shops and fast food outlets may be a major influence on the more autonomous 
adolescents’ food choices, but affect those of the youngest children only indirectly 
through parental behaviour, if at all. The media, in the form of television advertising, on 
the other hand, may be a particularly powerful influence on the youngest children who 
have been shown to be unable to distinguish advertising from programming. 
Nevertheless, in the preschool years, the most salient influences on children’s eating 
behaviour are likely to be intra-personal (characteristics of the child itself) and inter­
personal (aspects of the home and family) and it is upon these that the present thesis will 
be focused. The existing evidence relating these individual and social-environmental 
factors to children’s fruit and vegetable consumption is described and evaluated below. 
The intra-personal factors to be discussed are gender, age, food preferences (both innate 
and learned), and food neophobia. Interpersonal influences covered are parental socio­
economic status and education, ethnicity, parental intake and preferences, and parental 
feeding practices including choice of early feeding method and frequency of family 
mealtimes.
1.2.1 Intra-personal factors 
Demographics
Gender
Gender differences in fruit and vegetable consumption in adults are widely reported.
Men consume fewer fruits and vegetables than women across many different settings 
(Baker & Wardle, 2002; Fagerli & Wandel, 1999; Thompson et al, 1999; Wardle et al, 
1997; Wardle et al, 2000). However, the gender patterning in adolescents’ consumption 
is less clear. Two studies have reported no significant gender differences (Beech et al, 
1999; Neumark-Sztainer et al, 1996) while Reynolds and colleagues (Reynolds et al,
1999) found significantly higher intake in girls in only one out of four schools. In a 
recent, large-scale study of UK school children, 11 year old girls reported significantly 
higher intake of fruit and vegetables than boys although the difference was small in real 
terms (Cartwright et al, 2003). Similar findings have been reported in North American 
7th grade students (Nystrom et al, 2005).
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In younger age groups, findings are also mixed. The ALSPAC team reported worse 
outcomes for 7 year old boys both in terms of the amount of fruit and vegetables eaten 
daily and in the number consuming no fruit and vegetables at all over three days (Glynn 
et al, 2005). In the National Diet and Nutrition Survey, 4-10 year-old girls ate more raw 
and salad vegetables than boys (Gregory et al, 2000), but amongst 3>Vi -AV2 year-olds, no 
significant gender differences were observed (Gregory et al, 1995). The Health Survey 
for England 2002 reported that females tended to eat more fruit and vegetables, on 
average, than males (girls 2.6, boys 2.5; young women 2.9, young men 2.6) and were 
more likely than males to eat five or more portions per day (18% compared with 15%). 
There was no significant difference between the sexes in the proportion eating five or 
more portions a day, though boys were more likely than girls not to have eaten any fruit 
and vegetables (12% compared with 8%) (Sproston & Primatesta, 2003). Overall the 
data appear to show higher intake in females, albeit with some developmental 
fluctuations.
Age
Many studies have found that children’s eating habits are relatively stable over time 
(Dennison et al, 1998; Lien et al, 2001; Sweeting et al, 1994), although some have 
reported an age-related deterioration in dietary quality (Lytle et al, 2000; Neumark- 
Sztainer et al, 2002) particularly in relation to fruit and vegetables. Granner et al (2004) 
found no age differences in consumption of fruit and vegetables in a cross-sectional 
survey of 11-15 year olds, but did observe a decrease in liking with age. Potential 
explanations for these contradictory findings include the different age groups of children 
studied. Researchers reporting little age-related change have typically studied 
adolescents (Lien et al, 2001; Sweeting et al, 1994) or very young children (e.g. Skinner 
et al, 2002b). The rare studies whose samples have spanned childhood and adolescence 
(e.g. Lytle et al, 2000) report more age-related differences, often attributed to the greater 
independence and increased peer influence experienced by adolescents, but research in 
this area is lacking and the developmental patterning of food acceptance remains 
unclear.
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Food preferences
It is widely held that children “eat what they like” and research has repeatedly shown 
that children’s food preferences are highly predictive of their intake (Baxter & 
Thompson, 2002; Bere & Klepp, 2004; Birch 1979a; Cullen et al, 2003; Gibson et al, 
1998; Harvey-Berino et al, 1997; Perez-Rodrigo et al, 2003). Indeed some researchers 
have found that preferences were the only predictors of fruit and vegetable intake 
(Domel et al, 1996; Resnicow et al, 1997). Unfortunately, the foods that children like 
most are rarely of high nutritional value. Even in France, where the majority of 9-11 
year old children still eat traditional “family dinners”, a recent study found that the self- 
reported ‘top 10’ foods included French fries, chocolate, pizza, cake, and ice cream 
(Bellisle et al, 2000). Despite widely differing measures of preferences, similar items 
have appeared among the favorite foods of older French children (Ton Nu et al, 1996), 
American 2-8 year-olds (Skinner et al, 2002b), German 10-14 year-olds (Diehl, 1999) 
and British 4-5 year-olds (Wardle et al, 2001b). Equally consistent cross-culturally are 
children’s dislikes, with vegetables featuring reliably among the least favored foods 
(Diehl, 1999; Perez-Rodrigo et al, 2003; Skinner et al, 2002b; Ton Nu et al, 1996). 
Lacking from research in this area are longitudinal studies or cross-sectional studies 
investigating preferences throughout the childhood and adolescent years.
Innate and genetic influences
Whilst many food preferences are learned through experience, a preference for sweet 
and dislike of bitter tastes appears to be innate. Using facial expression as a measure, 
newborn infants react more positively to sugar solutions than to water (Beauchamp and 
Moran, 1982; Desor et al, 1973; 1977) and to show strong dislike of bitter and sour 
substances (Desor et al, 1975; Steiner, 1979). This pattern of acceptance and rejection is 
also seen in anencephalic babies (born without intact cerebral hemispheres) (Steiner et 
al, 2001). Preferences for salty tastes do not appear to be present at birth, but exposure to 
salt leads to a preference which develops at around 4 months of age (Beauchamp et al, 
1986).
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Genetic variation in taste perception might contribute to individual differences in food 
preferences, particularly for fruits and vegetables. Thioureas and related compounds are 
present in many vegetables and other edible plants and have a bitter taste, variation in 
sensitivity to which is known to be genetically based. Roughly 70% of white individuals 
in the USA and Western Europe perceive these compounds to be moderately to intensely 
bitter. Of these ‘tasters’, a small highly sensitive number are classified as ‘supertasters’. 
The remaining 30% of the population perceive thioureas as only very slightly bitter or 
completely tasteless. The most frequently studied of these compounds are 
phenylthiocarbamide (PTC) and 6-n-propylthiouracil (PROP). In adults, higher 
sensitivity to PROP has been associated with lower acceptance of cruciferous and other 
green vegetables (Dinehart et al, 2006; Drewnowski et al, 1998; Drewnowski et al,
2000), salad, fruit (Yackinous & Guinard, 2002) and a variety of other bitter foods 
including coffee, cheddar cheese, tofu and green tea (Drewnowski et al, 1999; Gayathri 
et al, 1997). Findings are not unequivocal, however, particularly with regard to fruit (e.g. 
Drewnowski et al, 1998, 2000; Pasquet et al, 2002) and a number of researchers have 
reported gender differences in the relationship between PROP status and food 
preferences (Duffy & Bartoshuk, 2000; Yackinous & Guinard, 2002). In children, PROP 
sensitivity has sometimes been associated with lower acceptance of such bitter-tasting 
vegetables as raw spinach and broccoli in laboratory taste tests (Bell & Tepper, 2006; 
Keller et al, 2002; Turnbull & Matisoo-Smith, 2002), but not with everyday intake of 
vegetables as reported by parents (Keller & Tepper, 2004; Keller et al, 2002). Few 
studies have investigated the relationship between PROP status and fruit acceptance in 
children, but the few that have report no differences between tasters and non-tasters 
(Keller & Tepper, 2004; Keller et al, 2002).
Evidence to date points to small genetic effects on food preferences in general (Anliker 
et al, 1991; Drewnowski & Rock, 1995). Those who have found significant correlations 
between the preferences of family members, concede that they are typically modest 
(Birch, 1980b; Logue et al, 1988; Pliner & Pelchat, 1986; Rozin & Millman, 1987) 
although sibling-sibling similarities tend to be stronger than parent-child similarities 
(Pliner & Pelchat, 1986). This may be at least partly due to the large age difference
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between parents and children. Furthermore, given that parents and children only share 
half of their segregating genes, and that the impact of genes is only one part of the story, 
parent-child correlations would be expected to be low. A stronger test of the heritability 
of food preferences is provided by twin studies, although few have been carried out with 
large enough samples to give the power needed to detect moderate heritabilities 
(Falciglia et al, 1994; Krondl et al, 1983). A recent exception which used a large sample 
of twins and an extensive list of foods found significant, though variable, heritability 
estimates for foods grouped into four categories: dessert foods, vegetables, fruits and 
protein foods (Breen, Plomin & Wardle, 2006). Strongest heritability estimates were for 
protein foods (0.78) followed by fruits (0.51), vegetables (0.37) and dessert foods (0.20). 
Shared environmental effects were strong for fruits and vegetables, suggesting that the 
home is a promising setting for interventions in this area.
Child food neophobia
Birch (1979a,b) suggests that between 50% and 60% of the variance in preferences is 
dictated by the innate preference for sweet tastes together with the degree of familiarity 
of a food, the former being genetically determined and the latter being the product of 
experience. Why should familiarity be so important to children’s food preferences? 
Humans show an interest in, coupled with a fear of, new foods which has been termed 
food ‘neophobia’ (Rozin, 1976). This trait is widespread in omnivores and has been 
observed in warblers (Greenberg, 1983), rats (Barnett, 1958), chimpanzees (Visalberghi 
et al, 2002) and capuchin monkeys (Visalberghi, & Addessi, 2000) amongst other 
species. In evolutionary terms, such a predisposition might have adaptive value. A need 
for dietary variety must be offset against the possibility of poisoning from unfamiliar 
foods that may be toxic. Cashdan (1998) has suggested that children’s dislike of 
vegetables may stem from the fact that plant toxins pose a particularly significant risk. 
This evolutionary perspective is supported by the observation of age differences in the 
strength of the neophobic response although the evidence is not entirely consistent. In 
infants neophobia appears to be minimal (Birch et al, 1998). Most researchers have 
found that beyond infancy, particularly between the ages of two and six, neophobia 
peaks and then declines into adulthood (Birch et al, 1987; Cashdan, 1994,1998; Koivisto
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& Sjoden, 1996, 1997; McFarlane & Pliner, 1997; Pelchat & Pliner, 1995; Pliner & 
Loewen, 1997), although an earlier decrease was reported in one study (Wright, 1991) 
and another found no significant differences in neophobia scores between 5, 8 and 11 
year-olds (Pliner , 1994). Birch (1999) suggests that the curvilinear relationship usually 
observed would be adaptive in that it is only when children become sufficiently mobile 
and independent to procure food for themselves that neophobia might serve a protective 
function. When encountering a food for the first time, caution is advisable. If illness, 
nausea or vomiting occurs after eating a new food, a powerful aversion to that food 
develops (Garcia & Koelling, 1966). With age and experience (repeated ingestion of 
unfamiliar foods without aversive consequences) the neophobic response declines.
This is not to say that neophobia has no genetic component. It is moderately related to 
personality traits such as emotionality and shyness (Pliner & Loewen, 1997) and anxiety 
(Pliner et al, 1993), which may have genetic links. Furthermore, a number of researchers 
have found parent/child or sibling/sibling correlations in food neophobia, albeit 
moderate in strength (Falciglia et al, 2004; Galloway et al, 2003; Koivisto & Sjoden, 
1996, 1997; Pliner, 1994; Pliner & Loewen, 1997). The only study to examine the 
heritability of “reaction to food” using a twin sample (n=182 pairs), reported no 
differences in similarity between identical and fraternal twins on items such as “Child 
consistently dislikes many types of food”, indicating little or no genetic influence 
(Plomin & Rowe, 1977), although investigation of the role of genetic factors in 
neophobia itself has not been explored to date.
Whilst neophobia might once have been adaptive, protecting young children from 
potentially poisonous substances, there is some evidence that it can lead to nutritional 
inadequacies in children’s diets in the current food environment where so many food 
options are available. There are relatively few studies of the impact of neophobia on 
children’s diets, but a recent study of 9-10 year-old North American children found that 
neophobic children had a higher intake of saturated fat and less dietary variety than 
average or “neophilic” children (Falciglia et al, 2000). The groups did not differ in their 
consumption of fruit and vegetables, although the reliability of the findings is
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questionable given the sample size (n= 70) which is simply not large enough to provide 
sufficient power to detect the likely magnitude of differences between three groups. A 
longitudinal study of children from 2 to 8 years of age found that food neophobia was 
positively related to the number of foods never tasted at age 8 and the number disliked, 
and negatively related to the number liked (Skinner et al, 2002b), again suggesting that 
dietary variety may be affected by this trait.
More attention has been paid to the related concept of ‘pickiness’ which is widely 
reported by parents and characterised by highly selective eating habits. Galloway et al 
(2003) investigated predictors and consequences of both neophobia and pickiness in 7 
year-old girls and found that children who were picky and neophobic ate significantly 
less vegetables than those who were neither. Pickiness was marginally more predictive 
of low intake than neophobia in this study, although differences in the specificity of the 
instruments used to measure these two constructs might have affected results. Using a 
comprehensive psychometric instrument together with a behavioural measure of 
pickiness, Jacobi et al (2003) found that picky eating was also associated with avoidance 
of vegetables in a longitudinal study following children from birth to 5 years of age. No 
relationship between pickiness and fruit consumption was found. These findings suggest 
that neophobia and pickiness may differentially affect consumption of different foods. 
Despite the fact that early childhood may represent a sensitive period in the development 
of food preferences (Cashdan, 1994), there has been very little research into the effect of 
neophobia on consumption of specific foods or on everyday food choices at this age.
Logically, neophobia need not have a permanent or detrimental effect on diet quality 
provided that parents ensure that the foods that they wish their child to eat are made 
familiar by repeated presentation or “mere exposure” (Zajonc, 1968). The experimental 
evidence demonstrating the efficacy of exposure in reducing neophobia is reviewed later 
in this chapter.
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Preference learning based on post-ingestive consequences
Predispositions to prefer sweet tastes and avoid novel foods can be modified through 
experience, because children are also predisposed to learn preferences and aversions via 
associative conditioning through the physiological consequences of eating. These 
consequences, both positive and negative, may have a powerful influence on 
development of food preferences. In general, dislikes or aversions are more easily 
formed, less easily extinguished and more likely to generalise (Mattes, 1991) than likes 
or preferences. The association of a food with subsequent gastrointestinal illness can 
lead to an aversion for that food which may last for decades even after only a single 
pairing (Kalat, 1985; Schafe & Bernstein, 1996).
On the other hand, if eating a food is followed by good feelings (e.g. satiety) a learned 
preference may result. Children have been shown to develop preferences for energy- 
dense foods over energy-dilute foods (Birch et al, 1990; Johnson et al, 1991) possibly 
because of the resultant positive physiological consequences of eating them, especially 
when hungry (Kern et al, 1993). There also evidence that humans can learn to prefer 
flavours which have been previously paired with a sweet taste even when they are no 
longer sweetened (Zellner et al, 1983). Whether this is the result of the greater energy 
value or the innate preference for sweet tastes is not entirely clear (Yeomans et al, 2005).
In the impoverished food environments of the distant past where food was scarce, a 
tendency to prefer energy dense foods, like the predisposition to prefer sweet tastes and 
to be neophobic, might have served a valuable adaptive function. However, the food 
environment has changed out of all recognition and food is now both plentiful and 
cheap. Unfortunately, change in human responses to food is lagging behind. The 
typical pattern of liking for sugary, calorific and familiar foods is one explanation for 
children’s low intake of vegetables since they typically possess neither sweetness nor 
substantial energy density. Indeed, many vegetables also taste somewhat bitter.
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1.2.2 Interpersonal influences
The most influential aspect of a young child’s environment is likely to be the family, and 
the demographic characteristics and food-related behaviours of parents - mothers in 
particular - would appear to be a promising area for investigation. Lewin (1943) 
introduced the concept of mothers as “gatekeepers”; typically taking responsibility for 
providing and preparing food for the family. In this role, mothers choose which foods to 
buy, how to prepare and serve them, when, where and with whom they are eaten, and by 
their own eating habits, provide a model for the child’s behaviour.
Demographics
Socioeconomic status and education
Higher socio-economic status, indexed by either occupational status or educational level, 
is consistently related to fruit and vegetable intake both in adults (Billson et al, 1999; 
Groth et al, 2001; Irala-Estevez et al, 2000) and adolescents (Milligan et al, 1998; 
Neumark-Sztainer et al, 1996; Roos et al, 2001; Wardle et al, 2003b). Findings in 
younger children are more equivocal, although no studies have reported a negative 
association. The Health Survey for England 2002 found that fruit and vegetable 
consumption increased with household income. Around one in ten children in the lowest 
three income quintiles ate five or more portions a day compared with around one in six 
in the highest income group, and children from highest SES groups ate fruit and 
vegetables more often than those from the lowest (Sproston & Primatesta, 2003). In a 
cohort of 404 rural Finnish 10-11 year olds, socio-economic status was positively related 
to vegetable but not to fruit intake (Haapalahti et al, 2003). Conversely, Gibson et al 
(Gibson et al, 1998) reported that socio-economic deprivation was moderately 
negatively correlated with British 9-11 year olds’ fruit intake only. In contrast, Wolfe & 
Campbell (1993) found no association between deprivation level and fruit and vegetable 
intake in a large sample of North American 8-11 year olds. One explanation for these 
apparent contradictions might be differing levels of social deprivation in different 
samples, but it may also be that intake in this age group is universally low, irrespective 
of social class.
32
Chapter 1 Introduction
Perhaps because it is associated with greater nutritional knowledge, parental education 
level appears to be more strongly related to fruit and vegetable consumption than other 
indices of social class. For example, Gibson and colleagues (Gibson et al, 1998) 
reported a clear association between children’s fruit intake and maternal education as did 
Laitinen and colleagues (Laitinen et al, 1995). Two studies of very young children have 
also found associations between maternal education and children’s diet. North and 
colleagues (North, et al, 2000) found that a “healthy” eating pattern in 3 year-olds 
(characterised in part by high intake of fruit and vegetables) was strongly related to 
mothers’ education. Likewise, a recent study of Flemish 2-7 year-olds reported an 
association between fruit and vegetable consumption and maternal education, but found 
that differences were entirely explained by maternal consumption and feeding practices 
(Vereecken et al, 2004). Clarification of the relationship between socioeconomic 
factors and young children’s dietary patterns is required.
Ethnicity
A limited literature has examined ethnic differences in fruit and vegetable consumption 
and findings have been inconsistent. A recent study of US 11-15 year olds found no 
ethnic differences in fruit and vegetable intake, although white participants reported 
higher preferences for vegetables than black participants (Granner et al, 2004). A more 
complex pattern of ethnic differences in food intake emerged from the Minnesota 
Adolescent Health Survey (Neumark-Sztainer et al, 1996). Inadequate fruit and 
vegetable consumption was apparent across the whole sample, but American Indians 
were at highest risk of low fruit consumption and African Americans were at greatest 
risk for low vegetable consumption. However, a recent study from the same research 
group found that white adolescents were less likely to meet ‘Healthy People 2010’ 
guidelines for fruit and vegetable consumption than any other ethnic group (Neumark- 
Sztainer et al, 2002). Likewise, in a study of UK 3 year-olds, a ‘healthy’ eating pattern 
(associated with higher intake of fruit and vegetables) was more common amongst non­
white than white families, after controlling for a number of socio-demographic variables 
(North et al, 2000). One possible explanation for inconsistent results in this area 
concerns this potential confound since it is not always controlled for in analyses.
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Demographic predictors of intake indicate the sectors of the population that are most 
likely to be at risk of poor nutrition, but only indirectly point to possible processes 
influencing food choices. There is some evidence to suggest that parental feeding 
behaviours differ according to socio-economic status, education or ethnicity (Hart et al, 
2003; Hupkens et al, 1998; Vereecken et al, 2004) and that this might, at least partly, 
explain differences between groups in fruit and vegetable consumption.
Families form the social context in which children’s eating patterns are developed and 
the influence of the food-related behaviour of parents has been the focus of a growing 
body of research.
The role of parents and the home food environment
Early feeding practices
The powerful influence of maternal behaviour may begin during pregnancy according to 
recent research (Mennella & Beauchamp, 1998; Mennella et al, 2001) which suggests 
that flavours in the mother’s diet are transmitted to the baby through amniotic fluid and 
later through breast milk. Breast-fed babies’ early experience with a range of flavours 
which are absent from infant formula milk, may facilitate the acceptance of a wider 
variety of foods at the weaning stage (Galef, Jr. & Sherry, 1973; Sullivan & Birch,
1994). The impact of breast feeding may have a long- as well as a short-term effect on 
food acceptance. Evidence comes from Skinner and colleagues (Skinner, et al, 2002a) 
who found that variety of fruit consumed by school-aged children was predicted by early 
fruit variety or fruit exposure and by duration of breast feeding. Different flavours 
contained in different formula milks can also impact on food acceptance in childhood 
(Mennella & Beauchamp, 2002) and even into adulthood (Haller et al, 1999). Although 
much of this research is correlational, there is also empirical evidence of the influence of 
early exposure to the flavour of a food on later enjoyment of the same food. For 
example, Mennella and colleagues (Mennella et al, 2001) asked pregnant women who 
were intending to breastfeed, to drink carrot juice either for 4 days a week for 3 weeks
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during pregnancy or during the first two months of breastfeeding. A control group of 
mothers drank water at both time points. Infants who had been exposed to the flavour of 
carrot either pre- or post-natally were judged as enjoying carrot-flavoured cereal more 
during weaning than those whose mothers drank only water. Another experimental 
study by this research group demonstrated that the acceptance of novel foods by formula 
fed infants could be facilitated by exposure to a variety of flavours early in the weaning 
process (Gerrish & Mennella, 2001). Taken together these findings suggest an effect of 
early exposure to flavours on later food preferences.
Parental intake and preferences
Parental food intake is moderately predictive of that of preschoolers (Fisher et al, 2002), 
2-7 year-olds (Vereecken et al, 2004), school children up to the age of 12 years (Bere & 
Klepp, 2004; Hannon, et al, 2003) and adolescents (Hanson et al, 2005). In addition, 
Skinner and colleagues (Skinner et al, 2002b) report that children resemble their mothers 
in terms of the foods that they like, dislike and have never tasted. Modelling effects are 
one explanation for the parent-child similarities in reactions to fruit and vegetables that 
have been widely reported (Fisher et al, 2002; Gibson et al, 1998) and are discussed in 
depth later in this chapter. Similarities may also be the result of heritable genetic factors 
as mentioned earlier, but the increased availability and accessibility of foods that parents 
prefer and therefore bring into the home is also likely to be an influential factor. This is 
supported by Skinner et al’s finding that children are not generally introduced to foods 
that mothers themselves dislike (Skinner et al, 1998; Skinner et al, 2002b) and by 
research with adolescents which demonstrated a strong relationship between 
consumption of fruits, vegetables and dairy foods and availability of these items in the 
home (Hannan et al, 2003; Hanson et al, 2005). The importance of availability and 
accessibility is highlighted by the findings of Cullen et al (2003) who reported that a 
positive relationship with intake remains significant even when children’s preferences 
are low.
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Family mealtimes
Parents can influence their young children’s eating habits by controlling where meals are 
eaten, and with whom. Companionship at mealtimes has been shown to increase energy 
intake in adults if the companions are familiar (Hetherington et al, 2006). Likewise, the 
presence of others increases children’s intake of the basic food groups (Stanek et al, 
1990) and Videon and Manning (2003) showed that the presence of parents at mealtimes 
was associated with higher fruit and vegetable consumption in adolescents. In addition, 
regular “family dinners” are associated with healthier dietary patterns including more 
fruit and vegetables in 9-14 year olds (Gillman et al, 2000) and in 11-18 year olds 
(Neumark-Sztainer et al, 2003). These effects remained unchanged after adjustment for 
household income and SES respectively. Gillman and colleagues speculated that this is 
either because foods served at a family dinner are less likely to be ready-prepared foods, 
or that eating together engenders family conversations about healthy eating, although 
neither hypothesis was tested formally (Gillman et al, 2000). However, it also seems 
likely that the opportunity to observe parents eating and enjoying foods encourages 
children’s consumption, since modelling effects are widely documented (Hendy & 
Raudenbush 2000; Hobden & Home et al, 1995; Home et al, 1998; Pliner 1995).
Lacking from research in this area is any analysis of what “family dinners” actually 
involve. Typically, children are merely asked to report the frequency with which they sit 
down to eat with other members of their family (Gillman et al, 2000; Neumark-Sztainer 
et al, 2003) or how many meals are “shared” with family members (Hannon et al, 2003). 
In the latter, number of shared meals was not an independent predictor of children’s 
intake when family food preparers’ intake was controlled for, but it is not clear, as the 
authors acknowledge, what respondents understood by the term “shared”. Although it is 
implied, no assessment is made of whether the food eaten on these occasions is the same 
for parents and children, yet this may be the crucial factor; exposure to “adult” foods 
rather than the presence of parents may be the influential factor. Furthermore, no 
attempt has yet been made to produce evidence of a causal relationship between family
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meal patterns and children’s diets. In order to improve the guidance given to parents on 
child feeding these issues need to be investigated.
Parental feeding practices
A growing body of experimental research has evaluated the effectiveness of some of the 
most common (and not so common) parental feeding strategies.
Control: Despite dietary guidelines that emphasise the importance of moderation and 
variety, adults tend to categorise foods as “good” or “bad” (Rozin et al, 1996). As a 
result they may adopt controlling child-feeding practices which involve limiting access 
to “bad” foods and/or encouraging consumption of “good” foods. Casey and Rozin 
(1989) found that 40% of parents reported the belief that restricting their child’s access 
to a particular food would decrease liking for that food. In fact, research suggests that 
such strategies may serve to increase liking and consumption. Birch and colleagues 
(Birch et al, 1980) made access to certain foods contingent upon the performance of a 
non food-related behaviour. Restricting access to these foods was found to increase 
children’s preferences for them. It is also clear from recent research that limiting the 
availability of palatable foods can promote over-consumption. Several studies (Birch & 
Fisher, 2000; Fisher & Birch, 1995, 1999a, b) have found that restriction of access to 
snack foods was related to intake of those foods in an unrestricted setting. It appears that 
this practice draws children’s attention to, and focuses their behaviour on the foods that 
should be consumed in moderation. It is worth noting that the foods that parents 
typically try to restrict are often the sorts of foods that are offered in very positive 
contexts such as parties, Christmas, Easter etc. By association with such celebrations, 
these foods acquire special status for the child. However, it is worth drawing a 
distinction here between the practice of restricting access to foods when they are present 
in the home and that of restricting the frequency with which they are brought in to the 
house, since the effects of each are likely to be different.
37
Chapter 1 Introduction
Likewise, strategies which encourage consumption of “good” foods (often fruit and 
vegetables) can have unintended and adverse effects. Placing pressure on a child to 
finish all the food on his plate or rewarding the consumption of specific foods can lead 
to decreased liking (Birch et al, 1982; Birch et al, 1984; Newman & Taylor, 1992). 
Hertzler (1983) noted that parental feedback to children designed to encourage 
consumption of vegetables was associated with reduced liking. There is also evidence 
that pressure to eat when full reduces children’s responsiveness to energy density and 
control of intake (Birch et al, 1987; Johnson & Birch, 1994).
Parents who use these food-related techniques to excess have been termed 
‘authoritarian’ (Birch & Fisher, 1995), reflecting their attempts to control their child’s 
eating habits one-sidedly by, for example, using food to pacify or reward or prompting 
eating when their children aren’t hungry. An authoritarian parenting style has been 
negatively associated with fruit and vegetable consumption in children (Cullen et al, 
2000). Recent research (Fisher et al, 2002) also suggests that high levels of parental 
control are related to lower fruit and vegetable intake in 9 year-old girls.
Overall, the evidence suggests that some aspects of parental control in child feeding may 
be harmful and counter-productive, producing the opposite effect to that intended: 
increasing preference for “bad” foods, decreasing liking for “good” foods and reducing 
the children’s ability to regulate sensibly their own intake leading to disinhibited eating 
and obesity. In a recent study has suggested that control may be a response to, rather 
than a cause of low intake of fruit and vegetables. Wardle, Camell and Cooke (2005) 
replicated the correlation between parental control and child fruit and vegetable 
consumption found by Fisher et al (2002). However, in this sample, both parental fruit 
and vegetable consumption and child neophobia were strong predictors of child fruit and 
vegetable consumption, and both were associated with parental control. When child 
food neophobia and parental intake were controlled for, this rendered the association of 
parental control with child fruit and vegetable intake non-significant, suggesting that the 
imposition of greater control is a response to children’s inadequate fruit and vegetable 
intake, which in turn is partly influenced by their level of neophobia.
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Furthermore, a permissive parenting style (“letting the child eat what it wants”), appears 
to be no more successful in encouraging healthy eating habits. Eppwright and 
colleagues (Eppwright et al, 1970) found that between a quarter and a third of mothers 
indicated a permissive attitude to their children’s eating and that this was associated with 
lower intake of all nutrients except fat. Indeed, the diets of children with more 
permissive parents were in the lowest 10% in terms of nutritional quality. In a recent 
review, Nicklas et al (2001) suggest that an “authoritative” parenting style holds the 
most promise. Such an approach uses questions, negotiations and reasoning (Iannotti et 
al, 1994) rather than coercion, commands and instruction, and involving the child in 
decisions about food eaten and praising healthy eating rather than using rewards and 
punishment (Satter, 1986, 1996). What little research has been undertaken on 
authoritative child-feeding practices suggests that this style of parental feeding is 
associated with higher intake of fruit and vegetable in children and adolescents (Gable & 
Lutz, 2000; Kremers et al, 2003; Patrick et al, 2005).
Reward: One aspect of parental control that has been widely studied is the use of 
rewards. In order to coax a reluctant child to eat fruit and vegetables parents will 
frequently resort to bribery “eat up your peas and you can watch TV”. Equally, food 
itself may be used as a reward. According to Casey and Rozin (1989) parents prefer to 
offer rewards for eating than to use a food as a reward. However, the use of rewards for 
eating has been termed “destructive coercion” (Rozin, 1990 in Eertmans et al, 2001). In 
series of studies, Birch and her colleagues (Birch et al, 1980; Birch, et al, 1982; Birch et 
al, 1984) found that pre-school children increased their liking for food presented as a 
reward for a pro-social behaviour, but that receiving a reward for eating a food 
decreased liking for it. In a clearer demonstration of these effects, Newman and Taylor 
(1992) compared the effect of food as a “means” to food as an “end” and achieved 
similar results. In one condition, one snack was offered as a means of acquiring another. 
Both snacks were ranked equally before the treatment phase, but the ‘means’ snack 
became devalued relative to the reward snack post-treatment. This is an important point 
to note. All the studies discussed here have found that the use of reward decreased liking 
for foods that are generally well-liked (fruit juice, milk beverages and snacks). It seems
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likely that the negative impact of rewarding consumption of vegetables, which are 
generally disliked, might be even greater.
The finding that rewarding an activity devalues has been explained in two different, but 
not incompatible, ways. The first of these is suggested by Lepper and Greene’s (1978) 
“Oveijustification” Theory which states that there will be a reduction in intrinsic 
motivation to eat foods if the child comes to think that she eats them not because they 
taste good, but because they represent a ‘means to an end’, although some believe that 
pre-school children may be too young to employ such sophisticated attributional 
cognitions (Boggiano & Main, 1986). Alternatively, in Timberlake and Allison’s (1974) 
response deprivation analysis of operant behaviour, the child is being forced to consume 
the target food above his preferred baseline level in order to receive the reward. This 
leads to negative affect, which becomes associated with the target food, thereby 
reducing preference for that food (Close & Sabry, 1978).
The negative effect of offering a reward for consumption of a food may not always be 
apparent to parents. Indeed, the promise of a reward may motivate a child to taste an 
unfamiliar food that he would be unlikely to do voluntarily. In this way reward will 
promote consumption in the short term, but this may or may not translate to liking in the 
long term. A number of studies have demonstrated that offering tangible rewards for 
eating encourages children to eat foods more (Ireton & Guthrie, 1972; Stark et al, 1986; 
Thompson & Palmer, 1974). In a comparison of five teacher actions to encourage the 
consumption of novel foods in pre-school children, Hendy (1999) found that offering a 
dessert reward for trying new foods was highly effective. The fact that children’s intake 
exceeded the minimum required to receive the reward led the author to conclude that no 
over-justification effect had occurred. Without some measure of liking, however, this 
conclusion appears somewhat premature.
The discrepancies in findings between studies may be due to differences in outcome 
measures, or possibly to differences in the timing or type of reward offered. Eisenberger 
& Cameron (1996) have suggested that the detrimental effects of reward have been
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overstated and that, in certain circumstances, reward can be extremely effective. They 
suggest that if rewards are verbal, small, similar to the target (in this case, a food reward 
for a food-related behaviour) and awarded for quality rather than quantity of behaviour, 
they are less likely to produce a drop in intrinsic motivation. To date no research has 
been undertaken to compare the efficacy of different types of reward in increasing 
children’s liking and intake of novel foods.
Modelling: Much of the time, mealtimes are social occasions at which children may 
observe the eating behaviour of others. Social Learning Theory (Bandura, 1972) 
suggests that by watching others, we learn how to perform a behaviour (skill 
component) and what the likely consequences of the behaviour are (the motivational 
component). On this analysis, seeing others eating foods and enjoying them should 
encourage children’s acceptance of those foods. Conversely, watching others eating or 
drinking and responding with expressions of dislike can discourage children’s 
acceptance (Baeyens et al, 1996). It has been suggested that modelling will have most 
impact when the model is similar to the observer or is perceived to be especially 
powerful. For example, Birch (1980a) sat a target child with a preference for a 
particular vegetable with three peers who preferred another vegetable. After two to three 
lunchtimes, there was a positive shift in the target child’s preference towards that of 
peers and this increased preference was sustained over a number of weeks.
Parental modelling (or setting a good example) has also been shown to be very 
influential in young children’s food acceptance. Toddlers tasted a food more readily 
after observing their mothers doing so than when the same behaviour was modelled by a 
stranger (Harper & Sanders, 1975). In cultures where chilli is widely used as flavouring, 
modelling by adults appears to induce acceptance of foods (Rozin & Schiller, 1980) 
although it is a flavour that is aversive to many humans. In older children too, fruit, 
vegetable and juice consumption is associated with parental modelling (Cullen et al, 
2000; Cullen et al, 2001).
Peers can also act as models for eating behaviour and two early experimental studies 
demonstrated their effectiveness in encouraging healthy food selection (Duncker, 1938)
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and increasing preferences for as much as a year afterwards (Marinho, 1942). Likewise, 
Birch (1980a) found that children who were seated with a child whose preferences for 
specific vegetables differed from their own, increased their liking for and consumption 
of those vegetables. Siblings have also been shown to have a powerful effect on 
children’s food acceptance (Greer et al, 1991).
Modelling can also have a negative influence on healthy food choices, particularly in 
older children. Cullen and her colleagues (Cullen et al, 2000; Cullen et al, 2001) found 
that 9-12 year olds’ fruit, juice and vegetable (FJV) consumption was not correlated with 
peer FJV modelling. Indeed, focus group discussions revealed that peers rarely model 
the eating of FJV and that the eating of vegetables, in particular, often elicits negative 
comments from peers (Cullen et al, 2000). Woodward et al (1996) also found that 
consumption of ‘unhealthy’ foods by peers led to less healthy diets in 12-16 year old 
students. Both negative and positive effects of modelling were demonstrated by Hobden 
and Pliner (1995) who found that neophobia could be increased or decreased (even in 
the highly neophobic) by exposure to a neophobic or neophilic model respectively. Since 
the model was not present when subjects made their food selections, the effect was the 
result of modelling and not of conformity. Little research exists which has looked at the 
negative impact of peer modelling in younger children, but similar effects are suggested 
by the finding that children aged 2-6 years share 76% of food dislikes with siblings, but 
only 24% with parents (McCarthy, 1935).
A third potential source of modelling is teachers who supervise lunches in schools. 
Results of research so far are inconsistent, however. An early study found teacher 
modelling to be effective in encouraging food acceptance (Highberger & Carothers, 
1977) but less so than peer modelling. Hendy (1999) found teacher modelling to be the 
least effective of 5 actions to encourage new food acceptance (modelling, reward, 
choice-offering, insist-on-one-bite and control conditions). These inconsistencies led 
Hendy and Raudenbush (2000) to attempt to isolate the conditions under which teacher 
modelling is and isn’t effective. In this series of studies, silent teacher modelling was 
ineffective in encouraging intake of both familiar and unfamiliar foods. Enthusiastic
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teacher modelling (“Mmmm, I love mangoes!”), on the other hand, was effective in 
maintaining children’s new food acceptance across the five meals studied. It may be 
that watching the enjoyment of others suggests to the child that rewarding consequences 
will be the result of tasting the foods. Alternatively, it may simply be that children 
observe that no adverse consequences occur. Finally, a generally positive atmosphere, 
created in this case by enthusiastic responses to the food, has been shown to enhance 
children’s food acceptance (Birch, 1990; Birch et al, 1980). Nevertheless, Hendy and 
Raudenbush (2000), like Highberger & Carothers (1977), found that in comparison with 
a peer model, even enthusiastic teacher modelling was ineffective, further evidence of 
the power of peers to influence children’s eating behaviour. As with reward, there is 
scant evidence that exposure to even an enthusiastic model can actually alter preferences 
although it may increase willingness to try which represents a useful first step, especially 
with children high in neophobia.
Exposure-based approaches: Simply by making fruits and vegetables both available 
and accessible in the home, parents can increase their children’s consumption. Going 
one step further is one of the most promising techniques for increasing food acceptance 
emerging from the literature - ‘mere’ exposure. A growing body of experimental 
evidence suggests that neophobia can be reduced and dislike of food transformed into 
liking through repeated opportunities to taste new foods. The efficacy of an exposure- 
based approach has been supported in experimental studies with infants (Birch et al. 
1998; Gerrish & Mennella 2001;Sullivan & Birch 1994) and pre-schoolers (Birch et al, 
1987; Birch & Marlin 1982; Sullivan & Birch 1990) as well as schoolchildren (Loewen 
& Pliner 1999; Pliner & Stallberg-White 2000). For example, Leanne Birch and 
colleagues obtained significant positive changes in 2-5 year-old children’s preferences 
for novel fruits after 10-15 taste exposures (Birch et al, 1987).
The mechanism by which repeated exposure increases liking is thought to be ‘learned 
safety’ (Kalat & Rozin, 1973). This hypothesis holds that repeated ingestion of an 
unfamiliar food without negative gastro-intestinal consequences leads to increased 
acceptance of that food. Another explanation is that increased liking is simply the result
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of increased familiarity of taste. To use an everyday example, an adult deciding to give 
up sugar in coffee will come to prefer sugarless coffee to its sweeter incarnation only 
after repeated tasting. Exposure in any other modality is ineffective as demonstrated by 
Birch et al (1987) who found that looking at or smelling food repeatedly was not 
sufficient to increase liking.
Depending on the age of children studied, considerable variation is seen in the number 
of taste exposures required to alter preferences. In one study with 4-6 month old infants 
as little as one feeding of a new food was sufficient to increase intake (Birch et al, 1998). 
Yet in another study with 2 year-olds, as many as 5-10 exposures were necessary to 
effect a change and preference was a function of increasing exposure frequency (Birch 
& Marlin, 1982). That researchers have failed to convey these messages to parents is 
indicated by the fact that mothers typically offer a new food less than five times before 
concluding that their child does or does not like it (Carruth et al, 2004; Carruth & 
Skinner, 2000: Skinner et al, 2002). The literature on exposure is explored in greater 
depth in Chapter 6.
1.2.3 Summary
There is a need to understand better the determinants of pre-school children’s eating 
habits and their relative importance. Inadequate intake of fruits and vegetables is of 
particular concern, but individual differences in consumption are poorly understood. It 
seems likely that these differences are the result of a complex interplay of factors in a 
number of different domains and therefore investigations into the influence of factors in 
multiple domains would be welcome. Nevertheless, the literature reviewed suggests a 
number of potential targets for intervention to increase fruit and vegetable consumption 
both in terms of the populations most at risk and the factors affecting intake.
It appears that children from low-income families or with less educated mothers may be 
especially at risk of low intake. Although age-related differences in fruit and vegetable 
consumption are unclear, many researchers view the preschool years as particularly
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important for the development of lifelong eating habits and this may be an important 
stage at which to intervene. Innate predispositions to prefer sweet and familiar foods 
and to learn to prefer those which deliver maximum calories present a considerable 
challenge to parents attempting to feed their child plenty of fruit and especially 
vegetables, which are rarely sweet and often bitter. Happily, whilst some common 
parental feeding practices appear to be counter-productive, others may exert a powerful 
positive influence on children’s reactions to food. The extent to which these findings 
have been used to inform interventions to improve children’s eating habits is examined 
in the following section.
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1.3 THE MODIFICATION OF CHILDREN’S EATING HABITS
There has been considerable interest in identifying effective strategies for increasing 
fruit and vegetable intake among young people, both because early intervention is likely 
to maximize health benefits and because eating habits in childhood are strongly 
predictive of those in adulthood (Cusatis et al, 2000; Kelder et al, 1994; Resnicow et al, 
1998; Singer et al, 1995). It has therefore been assumed that establishing good habits 
early has the potential to impact on the long-term health of the population.
1.3.1 Interventions with school-aged children
In recent years, a number of multi-component school-based programs have been 
developed and tested. Schools are popular settings for interventions targeting children 
since they offer the opportunity to reach everyone, not just highly motivated volunteers. 
Most large-scale interventions have taken place in the USA, although recent years have 
seen an increase in research in the UK. To date, findings have been somewhat 
disappointing given the intensity of many of the programmes. The Child and 
Adolescent Trial for Cardiovascular Health (CATCH), for example, involved 15-24 
lessons with family and food service activities but failed to produce significant increases 
in fruit or vegetable consumption (Perry et al, 1998).
Four out of seven smaller-scale, school-based 5-a-Day interventions reviewed by Stables 
and colleagues (Stables et al, 2005) produced significant results and increases in daily 
consumption were generally around 0.4 servings, although all but one of these 
interventions were related to the Integrated Nutrition Project (Auld et al, 1998). A 
systematic review of interventions to increase fruit and vegetable consumption in 
schoolchildren found that only ten out of fifteen studies reported significant effects with 
increases ranging from +0.3 to +0.99 servings per day (Knai et al, 2005).
Similar results from school-based studies in Ireland (Friel et al, 1999) and the UK 
(Anderson et al, 2005; Parker & Fox, 2001; Sahota et al, 2001) suggest that achieving 
dietary change in school-aged children is a major challenge. The NEAPS (Nutrition 
Education at Primary School) programme (Friel et al, 1999), a ten week, multi -
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component intervention achieved only a very small percentage increase in the number of 
children in the intervention group reporting intake of four or more servings of fruit and 
vegetables daily (from 1% to 2%). Parker and Fox (2001) found no significant changes 
in observed intake during school lunches after a two-year intervention involving catering 
provision and curriculum activities aimed at increasing the availability and consumption 
of fruit, vegetables and fibre-rich foods. In Leeds primary schools, Sahota et al’s (2001) 
extensive intervention comprising teacher training, changes to school meals and tuck 
shops, a nutrition education curriculum, physical education and playground activities 
achieved only a modest increase in self-reported vegetable consumption in intervention 
children (0.3 portions per day) measured with a food frequency questionnaire and a 24 
hour dietary recall. No improvements in any other nutritional or anthropometric outcome 
were observed. A larger increase in fruit consumption was achieved in the 5 a Day the 
Bash Street Way intervention in Scotland (Anderson et al, 2005). This whole school 
programme increased fruit and vegetable provision, provided tasting opportunities, 
point-of-purchase marketing, newsletters and teacher information sessions. The Bash 
Street Kids, a group of cartoon characters, provided an entertaining theme for the 
promotional and communication materials. Analysis of three-day food diaries revealed 
that children in the intervention group significantly increased their consumption of fruit 
by more than half a serving daily (50g), but their vegetable intake was unaffected. 
Interestingly, according to parents’ reports, the National Fruit Scheme also increased 
consumption of fruit by 50g daily by simply giving each child a portion of fruit (Wells 
& Nelson, 2005) although this increase did not appear to be sustained once fruit was 
withdrawn in the Junior School years. It may be that for fruit, at least, availability is all 
that is required to increase consumption since fruit is already widely liked.
Differences in outcome from study to study may be due in part to differences in the 
dietary intake measures used. Where some studies rely on plate-waste measures taken 
during school lunches (Auld et al, 1998) others use multiple measures, notably 24 hour 
recall with interviews (Perry et al, 1998) or with food frequency questionnaires (FFQ) 
(Sahota et al, 2001). Knai et al (2005) noted that two out of three of the most effective 
interventions reviewed, used the latter combination of measures. However, the results of
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the High 5 study (Reynolds et al, 2000) revealed a discrepancy between changes in 
intake as measured by FFQ, by observation, and by a 24 hour recall. Only the latter 
yielded significant results. As yet, there are too few studies to draw firm conclusions 
about differences resulting from different measurement instruments.
There are a number of possible explanations for the limited impact of many intensive 
campaigns. With few exceptions, the focus of interventions has been on breaking down 
the cognitive and practical barriers to fruit and vegetable consumption, such as a lack of 
nutrition knowledge or preparation skills yet these have not typically been shown to 
influence eating behaviour reliably (Perry et al, 1998; Reynolds et al, 1998). An 
alternative approach emphasizes hedonic factors. Parents often cite dislike as the 
primary explanation for children’s low vegetable intake. If disliking represents an 
important barrier to vegetable consumption, then interventions aimed at modifying 
preferences using behaviour change techniques suggested by the experimental literature 
could have an important part to play. One such study is the on-going “Food Dudes” 
project (Home et al, 1995; Home et al, 1998; Home et al, 2004; Lowe et al, 2004; Lowe 
et al, 2006) which combines peer modelling, exposure and rewards to encourage 4-11 
year-olds repeatedly to taste fruit and vegetables and to sustain their intake of these 
foods over time. Peer models take the form of four heroic cartoon characters featured in 
six video adventures, while rewards comprise Food Dudes branded stickers, pencils etc. 
Results showed that both consumption and liking for fruit and vegetables were 
significantly increased in intervention schools from baseline to follow-up and the 
increases appear to be considerably larger than those achieved by the studies discussed 
earlier -  an estimated increase of 2.54 daily portions of fruit and vegetables in 4-7 year- 
olds and 2.18 portions in 7-11 year-olds (Lowe et al, 2004). However, these impressive 
results must be interpreted with caution for a number of reasons. Firstly, the authors 
defined a portion size as 60g, which is smaller than that often used in US studies. 
Secondly, the increases are estimates based on observation of intake in school time, 
together with parent-report of intake at home from a sub-sample of only forty seven 
parents, of whom only thirty-six provided complete weekend data and thirty-nine 
provided complete weekday data. Finally, it is important to note that this study did not
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include a control group. However, in a recent randomised controlled trial aimed at 
increasing liking and consumption of an unfamiliar vegetable (raw red pepper), a brief, 
but intensive exposure-based intervention achieved a large effect on consumption (effect 
size d=0.70) among a group of 5-7 year-old schoolchildren who tasted the red pepper 
daily for 10 days. Here, intake was assessed objectively by counting the number of 
pieces eaten. A reward condition (in which a further group of children were offered a 
sticker in exchange for trying the red pepper) also achieved a positive, albeit smaller 
effect (Wardle et al, 2003). This latter finding suggests that the use of rewards may limit 
the positive effect of ‘mere’ exposure.
More recently, Hendy and colleagues have published the results of an evaluation of the 
“Kid’s Choice” school lunch program, which was carried out in a US elementary school. 
The program used a combination of token reinforcement, food choice and peer 
participation to increase fruit and vegetable consumption (Hendy et al, 2005). Three 
hundred and forty six 6-10 year-old children were randomised to receive reinforcement 
for eating either fruits or vegetables. For the duration of the program intake of fruit and 
vegetables increased during school lunches, observed by trained researchers. Two weeks 
post-intervention, children’s preferences had also increased, although seven months later 
both fruit and vegetable preferences had returned to baseline levels. Although the 
authors found no signs of the over-justification effects on liking that have sometimes 
been associated with the giving of rewards, it may be that their disappearance at the end 
of the intervention period decreased children’s motivation to continue to eat fruit and 
vegetables and thus preference also declined. Moreover, like the Food Dudes 
interventions, a weakness of this study was the lack of a control group.
Whilst school settings are popular for reasons discussed earlier, demands on curricula 
are ever increasing and intensive interventions may place an intolerable burden upon 
teachers. Furthermore, an exclusive focus on schools fails to acknowledge the 
importance of the family environment in shaping children’s food choices.
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1.3.2 Interventions with pre-schoolers
There is a strong argument for targeting younger children since eating patterns may be 
more malleable in early childhood and some believe that it represents a sensitive period 
during which humans acquire knowledge of which foods to eat (Cashdan, 1994). A 
recent longitudinal study found variety-seeking at the age of 2-3 years was positively 
related to variety-seeking for vegetables at follow-up and, like Cashdan, the authors 
concluded that “..the acquisition of food repertoire essentially takes place before the age 
of 4” (Nicklaus et al, 2005), although given the fact that adult offspring often eat very 
different diets from their parents, there must be some later developmental shifts. 
Notwithstanding this type of evidence, intervention with children under five years of age 
has seldom been attempted, perhaps because of the difficulty of reaching and recruiting 
sufficiently large numbers of participants. Nevertheless, there have been some attempts 
made in the USA to target mothers of preschool children via Government-funded 
programs for low-income families, who typically report lower fruit and vegetable intake 
than their more affluent counterparts (Billson et al, 1999; Groth et al, 2001; Irala- 
Estevez et al, 2000; Sproston & Primatesta, 2003). These programmes serve large 
numbers of persons annually (over seven million by WIC - the Special Supplemental 
Nutrition Program for Women, Infants and Children) and are ideal settings for 
interventions.
A number of interventions have been carried out with families enrolled in WIC. In 
Project FRESH participants were assigned to one of three intervention groups or a no­
treatment control. Intervention groups received Farmer’s Market coupons exchangeable 
for fruit and vegetables, education about fruit and vegetables and their preparation, or 
both education and coupons (Anderson et al, 2001). Receiving coupons alone or in 
conjunction with education resulted in increases in fruit and vegetable intake in parents. 
Education alone did not have a direct effect on behaviour. Children’s intake was not 
measured in this study. In a randomised community trial, Havas and colleagues (Havas 
et al, 2003) provided a six-month multi-component intervention program which included 
five interactive nutrition sessions and tailored mailings. An increase of 0.4 daily fruit 
and vegetable servings was observed in intervention participants and there was evidence
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of a dose-response relationship between increases in intake and number of sessions 
attended. An alternative approach was taken by Birmingham and colleagues who 
provided WIC mothers with a recipe book for enhancing their use of fruits and 
vegetables. After receiving the booklet, most mothers reported feeling more confident 
about choosing and storing fruits and vegetables and many reported that they served 
more to their family (Birmingham et al, 2004). We might assume therefore that their 
children were consuming more fruit and vegetables as a result, although this was not 
assessed.
Two further studies have also achieved modest increases in parental consumption in 
low- income populations. The “Parents as Teachers High 5, Low Fat Program” used a 
randomised nested cohort design to test an intervention comprising personal visits, 
newsletters and group meetings (Haire-Joshu et al, 2003). Intervention parents showed 
an increase in fruit and vegetable consumption of 0.53 servings daily.
Another relatively intensive intervention was tested amongst women participating in the 
Expanded Food and Nutrition Education Program (EFNEP). Eighteen sessions took 
place over a period of six months, in which nutrition knowledge and skills were taught 
to women in their homes or in small neighbourhood groups (Cox et al, 1996). An 
increase in mothers’ consumption of over one serving a day of fruit was achieved, but 
there was no significant change in vegetable intake. Like the previous studies, neither of 
these programmes assessed children’s intake.
In one of only two studies to examine the impact of interventions on children’s diets 
directly, Koblinsky and colleagues recruited mothers attending Head Start Centres in 
Maryland and New York (Koblinsky et al, 1992). Head Start is a child development 
program for preschool children from low-income families that includes nutrition 
education as part of its service. The intervention comprised nutrition workshops and 
weekly newsletters over a period of 13 weeks. Dietary diversity and quality was
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assessed during interviews with parents using an adapted food frequency questionnaire. 
At 1-2 months post-intervention, no difference in fruit or vegetable consumption was 
observed between intervention and control groups in New York, although it is possible 
that this represents a ceiling effect as these children were already consuming fruit and 
vegetables in large quantities. In Maryland, however, intake of fruit was significantly 
higher at 2.72 servings per day in the intervention group than the controls and their 
intake of leafy green vegetables almost doubled, although consumption of vegetables 
overall increased by only 0.27 servings per day.
Horodynski and colleagues recently completed an evaluation of “Nutrition Education 
Aimed at Toddlers” (NEAT), a pilot program for rural, low-income families attending 
Early Head Start (EHS) (Horodynski et al, 2004). The program was designed to 
improve caregiver-toddler mealtime interaction, by increasing caregivers’ awareness and 
knowledge of healthy feeding practices and was delivered in three 90-minute lessons 
with small groups of caregivers. Sessions included hands-on elements, and children 
joined parents in the second half of each lesson to engage in food tasting and preparation 
activities. Food intake was measured using 24 hour dietary recalls. Six months post­
intervention, no differences were observed between intervention and control participants 
in knowledge, attitudes, feeding practices or dietary intake of caregivers or toddlers, 
although the programme was viewed very positively by most participants. The authors 
posit that any beneficial effects of the intervention may have worn off by six months and 
that some form of reinforcement of content over time might have been required in order 
to achieve longer-lasting benefits. It is certainly unfortunate that no immediate post­
intervention assessment was undertaken.
1.3.3 Summary
The results of multi-component school-based interventions to increase fruit and 
vegetable consumption have been somewhat disappointing given their intensity, with 
increases rarely reaching one portion daily and many having no effect at all. A similar 
picture emerges from interventions with low-income parents of preschoolers. More
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encouraging are the findings of recent interventions that have utilised techniques that 
have been shown in laboratory settings to influence children’s eating behaviours, e.g. 
exposure, reward and modelling. The use of rewards for consumption remains 
controversial, with some evidence of detrimental effects on liking. Evidence for the 
efficacy of modelling and repeated taste exposure, on the other hand, appears 
unequivocal. Most research in this area has taken place in schools or in the laboratory 
and while school-based programmes enable researchers to reach large numbers 
simultaneously, they neglect the youngest children. This is an important target 
population since preferences and eating habits may be at their most malleable in the 
preschool years and the potential for successful intervention at its greatest. Family- 
based interventions are rare, despite plentiful evidence of the strong influence of parental 
behaviour and the home food environment on young children’s eating patterns.
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1.4 THE CURRENT STUDIES
The studies that comprise this thesis attempt to address some of the issues raised in this 
literature review, and build upon previously published findings. The aim of the research 
is to broaden understanding of the development of children’s eating patterns and begin 
to develop effective interventions to increase vegetable acceptance in preschool children,
Study 1: Age and gender differences in children’s food preferences 
Although there is some evidence of deterioration in diet quality in adolescence, there is 
scant research examining the developmental patterning of food preferences across 
childhood and adolescence. Greater understanding of the stability (or otherwise) of 
preferences, and of the critical years for their development, would allow interventions to 
be targeted more effectively. This cross-sectional study investigated age and gender 
differences in food preferences in a large sample of schoolchildren aged 4-16 years with 
a particular focus on liking for fruit and vegetables relative to that for other food groups.
Study 2: Predictors of fruit and vegetable consumption in preschool children
Research has typically examined predictors of children’s fruit and vegetable 
consumption in only one or two domains, and has rarely studied preschoolers. Since 
eating patterns are likely to be the result of complex interactions between multiple 
factors, this study examined the contribution of potential predictive variables within the 
domains of demographic characteristics, parental eating habits and feeding practices and 
child traits to fruit and vegetable intake in a large community sample of families with 2- 
6 year-old children.
Studies 3 A and 3B: The impact of neophobia on food intake
Previous research with school-aged children has found an association between food 
neophobia and both low intake of fruit and vegetables and reduced dietary variety. No 
research to date has investigated the relationship between neophobia and everyday food 
intake in preschoolers. Study 3A investigated the relationship between child food 
neophobia and frequency of intake of food in 6 categories: fruit, vegetables, meat and
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fish, rice and pasta, eggs and sweet dessert foods. The study used parent-report of intake. 
Study 3B examined the relationship between child food neophobia and children’s 
measured food intake in a series of lunches.
Study 4: The heritability of food neophobia
The extent to which neophobia is heritable is unknown. A better understanding of the 
factors affecting children’s reactions to foods would aid and inform the design of more 
effective interventions in the future. Twin studies provide a uniquely accurate estimate 
of the relative contribution of genes and environment to phenotypic differences, but to 
date neophobia has not been investigated in a twin sample. In this study I administered a 
shortened version of the CFNS in a large twin cohort aged 9-11 years.
Study 5: A randomised controlled trial of the effectiveness of parent-led exposure in 
increasing acceptance of vegetables
Despite the fact that very young children’s meals are usually prepared and served by 
parents in the home and the evidence that parents exert a powerful influence on their 
child’s eating habits, few home-based interventions have been attempted and even fewer 
have focused on increasing fruit and/or vegetable intake in preschool children.
An effective strategy to increase liking and intake and one known to reduce neophobia is 
‘mere exposure’ -  the provision of repeated tasting opportunities.
Study 5 was designed to evaluate the effectiveness of an exposure-based intervention, 
carried out by parents in the home, in increasing preschool children’s acceptance of a 
previously disliked vegetable.
Study 6: A pilot study of an exposure-based intervention to increase vegetable 
acceptance in 2 year old children from low-income families 
Although I had attempted to recruit a socio-economically diverse sample for Study 5, 
volunteer participants were predominantly white, middle-class and highly educated.
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This study represents an attempt to test the findings of Study 5 with a more 
economically disadvantaged population in whom fruit and vegetable consumption is 
known to be particularly low. In addition, this study used a small-group format for 
delivery rather than the more time-consuming and costly one to one sessions employed 
in Study 5 and included a slightly longer follow-up to investigate any longer lasting 
effects.
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CHAPTER 2
STUDY 1: AGE AND GENDER DIFFERENCES IN CHILDREN’S FOOD
PREFERENCES34
2.1 INTRODUCTION
2.1.1 Rationale
Food preferences are known to be strongly predictive of intake so it is important to 
understand how preferences develop. One possibility is that the developmental decline 
in neophobia (Birch et al, 1987) would result in an increase in the number of foods tried 
as children mature and an associated increase in the number liked as a result of increased 
familiarity. However, studies of age-related changes in food preferences are rare and, in 
common with the literature concerning changes in consumption (e.g. Granner et al,
2004; Lytle et al, 2000), findings have been mixed. Longitudinal designs are ideal for 
studying developmental changes, but can be prohibitively costly. As a result, most 
research in this area has been cross-sectional, meaning that cohort effects cannot be 
ruled out. Nevertheless, a valuable first step would be to look at age differences in food 
preferences across a wider age range than has previously been undertaken.
2.1.2 Findings of descriptive studies of children’s food preferences
In a large sample of 2 to 24 year olds (n=3,534), Perez-Rodrigo and colleagues (Perez- 
Rodrigo et al 2003) found few age differences in preferences for specific foods within 
food groups, despite the enormous age range of participants. However, information 
about the measures was sketchy, and it is not clear that the results were comparable with 
those arising from the lengthy food lists usually employed. In a study of French 10-20 
year-olds (n=222), respondents were asked to generate a maximum of 10 liked and 10 
disliked foods and to recall the age at which a maximum of five positive and five 
negative changes in their food preferences had occurred (Ton Nu et al, 1996). Most 
participants reported that changes occurred at around the age of 10, with negative
3 A version of this chapter was published as Cooke, L J and Wardle, J. Age and gender differences in 
children’s food preferences. British Journal o f  Nutrition (2005), 93,741-746. A copy can be found at 
Appendix 1.1.
4 1 carried out all aspects of this study under the supervision of Jane Wardle and Leigh Gibson.
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changes (liking to disliking) taking place slightly earlier (mean age =10) and positive 
changes (disliking to liking) occurring later (mean age =11). The authors conclude that 
a “widening of food repertoire” occurs after puberty because of a reduction in neophobia 
together with an increase in autonomy concerning food and in eating out independently. 
Given the bluntness of the instrument and its reliance on participants’ memory for events 
occurring up to 10 years previously, interpretation of this small age difference should be 
approached with more caution. In addition, it is questionable whether this study was 
sufficiently powered to detect small differences between age groups.
In one of the few longitudinal studies in the field, Skinner and her colleagues analysed 
children’s food preferences in a sample from the age of 2 to 8 years (n = 70) together 
with an investigation of the factors related to preferences (Skinner et al, 2002b). Across 
the five years of the study, the number of foods liked did not change significantly, 
although the number tried increased as did the number disliked. Longitudinal changes 
suggested that foods introduced after the age of four were more likely to be disliked than 
liked. The differences between these findings and those from the older groups indicated 
a need for a study of children’s food preferences that can span the transition from 
childhood to adolescence.
Gender differences have also been suggested in some studies, though findings have been 
mixed. In Lytle et al’s cohort (Lytle et al, 2000), developmental trends in consumption 
and eating patterns were very similar for boys and girls. Likewise, Perez-Rodrigo and 
colleagues (Perez-Rodrigo et al, 2003) reported few gender differences in preferences of 
Spanish 2-24 year olds. Amongst 4-5 year old British children, girls liked vegetables 
more than boys, although there were no gender differences in preferences in other food 
groups (Wardle et al, 2001). Boys were found to consume less fruit and to like raw 
vegetables less than girls in an ongoing study of French 9-11 year olds (Le Bigot 
Macaux, 2001). Similar findings have been reported in American children and 
adolescents (Reynolds et al, 1999), German 10-14 year olds (Diehl, 1999) and 
Norwegian 16-21 year-olds (Lien et al, 2001), amongst others.
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2.1.3 The current study
The present study examined the developmental patterning of food preferences in a large 
sample of British children from the first year of formal schooling (aged 4-5 years) to the 
last year of compulsory education (aged 16 years). In contrast with previous studies and 
in order to allow for variability of responses, food preferences were measured with an 
extensive self-report questionnaire, with six response alternatives. On the basis of 
previous research, I expected to observe some gender differences with boys having more 
dislikes than girls, especially of fruit and vegetables. The number of foods tried was 
predicted to increase with age with associated increases in both the number of foods 
liked and disliked.
2.1.4 Ethical approval
The present study was exempt from the need for formal ethical approval according to the 
rules of University College London since it involved an entirely anonymous survey in 
which the investigator did not participate in data collection.
2.2 METHOD
2.2.1 Design
The study used a cross-sectional survey design to examine age and gender differences in 
the food preferences of British schoolchildren.
2.2.2 Sample
The target sample was children in Years 1-11 registered at Primary and Secondary 
schools in a borough of West London. To ensure that this study had 80% power to detect 
statistically significant differences between age groups in the number of foods tried, 
liked, and disliked, a total sample size of 1480 was required. In order to allow for 
refusals and absences, nine secondary schools and 8 primary schools in the London 
Borough of Hammersmith and Fulham were contacted by letter and invited to participate 
in a study of the development of children’s food preferences. The borough was selected 
on the basis of its high ethnic, cultural and social diversity and is ranked 49th highest or 
most deprived of the 354 local authorities in England. Three primary schools (all mixed
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sex) and three secondary schools (1 mixed sex, 1 girls-only and 1 boys-only) agreed to 
take part. Numbers of pupils eligible for free school meals, with statements of special 
educational needs and/or with English as a second language were higher than the 
national average, but broadly similar to those in other Inner London boroughs.
2.2.3 Procedure
Questionnaires were distributed by teaching staff to all pupils in the primary schools 
(n=840) and to two classes per year in secondary schools (n=750). These were 
completed during lessons or during private study periods, except for the youngest 
children (aged 4-7 years) who were asked to take their questionnaires home to complete 
with the help of their parents. Teachers read out standardized instructions to the pupils 
prior to filling in the questionnaires as follows:
“What you have in front o f you is a questionnaire about 
which foods you like and which you don’t.
The first thing you need to do is fill in your age and whether 
you are a boy or a girl.
Then you can start. For each kind o f food, you need to decide 
whether you have ever tried it. I f  you haven’t, you tick the 
first box and move on to the next item. I f  you have, then you 
must tick one o f the next five boxes to indicate how much you 
liked or disliked it. Try to give an answer for every food type.
Please fill it in by yourself and don ’t compare answers with 
the person sitting next to you. We want to know what YOU 
like -  there are no right or wrong answers.
I f  there is anything you don ’t understand please put your 
hand up and we will come round and help you.
Are there any questions before we start?”
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2.2.4 The Food Preference questionnaire
The food preference questionnaire was based on one completed by parents in a study of 
4-5 year-olds by Wardle and colleagues (Wardle et al, 2001b), comprising items taken 
from two widely used food frequency questionnaires -  the EPIC FFQ (Bingham et al,
1997) and one devised for children (Hammond et al, 1993). Similar questionnaires have 
been used as self-report measures for 9-11 year-olds (Gibson, et al, 1998) and 9-22 year- 
olds (Nicklaus et al, 2004). Wardle et al’s (2001b) list of 94 common foods and 
beverages was amended for the present study to encompass a potentially wider range of 
foods available to older children. The final questionnaire featured 121 items including 
“single” foods (e.g. apples), “mixed” foods (e.g. lasagne) and “condiments” (e.g. jam) 
and drinks (e.g. 100% fruit juice), although data on drinks (n=6) were excluded from all 
analyses since preferences for drinks may be dictated by different factors than those for 
foods. For example, liking for carbonated drinks containing caffeine may be the result 
of negative reinforcement, linked to the removal of the adverse effects of caffeine 
withdrawal in regular consumers (Garrett & Griffiths, 1998). Children were asked to 
indicate “how much you like each item by ticking the appropriate box”. There were 6 
response alternatives: “Never tried it”, “I hate it”, “I don’t like it”, “It’s OK”, “I like it” 
and “I love it” which were scored from 0 to 5. Liking for a food was defined as a score 
of four or five and disliking as a score of one or two. To facilitate understanding in 
younger children, a 5-point “faces scale” was added in questionnaires for the under-7s.
In order to maximize participation rates, children were asked only for their age and 
gender and not required to give their name, ethnicity or any other socio-demographic 
information. (A copy of the questionnaire can be found in Appendix 1.2).
2.2.5 Statistical analyses
Data were analyzed using SPSS version 10. Correlational analyses examined the 
relationship between the number of children having tried each food and the mean liking 
score of those who had tried it. One-sample t-tests were used to investigate whether 
average preference ratings differed significantly from indifference. Univariate analysis 
of variance was used to examine age, gender, and age-by-gender interaction effects on 
number of foods tried, liked and disliked. The number of foods tried was entered as a
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covariate in further analyses to control for its effect on the number of foods available to 
be liked or disliked.
Foods were initially grouped into five categories based on the “Balance of Good Health” 
recommendations (Hunt et al, 1995): “Protein”, “Fruit and Vegetables”, “Dairy”, 
“Starchy staples” and “Fatty and Sugary”. “Protein” foods were then broken down into 
four separate categories: “Meat”, “Fish”, “Processed Meat” and “Eggs” to reflect the 
wide differences between them in terms of their sensory properties. For similar reasons, 
“Fruit and vegetables” were divided into separate categories making nine in all. The 
internal reliability of these groupings assessed by Cronbach’s alpha. A list of food items 
comprising each category is included in Appendix 1.3 together with a list of foods tried 
by less than 75% of participants. The latter were not used in analyses of food groups. 
Further analyses investigated age and gender effects on mean liking scores for each 
category of foods.
A number of the variables were moderately skewed and were therefore subjected to 
appropriate transformations (log or square root) and the analyses re-run. Distributions 
were only marginally improved by transformation and the resulting output was largely 
unchanged, although considerably harder to interpret. Likewise, using non-parametric 
tests made little difference to the results. In the interests of clarity, I have reported only 
the results of parametric tests on untransformed variables, except where results differed 
between analyses.
2.3 RESULTS
2.3.1 Response rate and participant characteristics
Approximately 10% of children were absent from school on the day of the survey and 
8% failed to hand in their questionnaire, leaving an achieved sample of 1291 children, 
representing an 81.2% coverage rate of the 1590 children registered in the participating 
classes. Questionnaires with more than 15 missing responses (representing more than 
one page) were excluded (n=59) which left data available for 1232 participants. Ages 
were 4 to 16 years, with 51% female, 46% male and 2% unspecified. In order to
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examine age differences in food preferences and familiarity, four age groupings were 
created: ‘Infants’ 4 -7 year-olds (n = 176, mean age 5.98, s.d. 0.99), ‘Juniors’ 8-11 year- 
olds (n = 291, mean age 9.49, s.d. 1.05), ‘Lower Secondary’ 1 1 -1 3  year-olds attending 
secondary school (n = 466, mean age 12.02, s.d. 0.79), and ‘Mid Secondary’ 14 -  16 
year-olds (n = 264, mean age 14.51, s.d. 0.58). Thirty-five children omitted to record 
their age. A breakdown of the age group and gender of participants by school type can 
be found in Table 2.1.
Table 2.1 Participants’ age group and gender by school type
Boys Girls Missing Total
Primary Schools
Infants
Juniors
70
143
99
138
25 475
Secondary Schools
Lower
Middle
216
117
250
146
28 757
Total 546 633 53 1232
2.3.2 Percentage of foods tried, liked and disliked
The percentage of children who had tried each food and average liking score among 
children who had tried them is shown in Appendix 1.4. The foods are listed in 
descending order with the most tried foods appearing first. On average, children had 
tried 98 foods out of 115. Across the whole sample, foods that fewer children had tried 
tended to be less liked by those who had tried them. Pearson correlations between 
percent tried and mean liking score across foods, r = 0.68, p < 0.001. Univariate analyses 
of variance revealed a strong increase with age in number of foods tried (F(3,l 171) = 
75.34, p < 0.001) (Figure 2.1).
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Figure 2.1: Mean number of foods tried by age group (± 95% confidence intervals)
(n=i69)
Age group
The number of foods liked (F (3,1171) = 4.50, p <0.005), and the number of foods 
disliked (F (3,1171) = 3.35, p < 0.05) also increased with age. However, entering 
number of foods tried as a covariate in further analyses of variance, reversed the pattern 
in number of foods liked such that as a function of the number of foods tried, the number 
liked decreased with age (F(3,l 167) = 3.27, p <0.05) (Figure 2.2). The same procedure 
rendered the increase in foods disliked non-significant.
Figure 2.2: Mean number of foods liked by age group, controlling for number tried 
(± 95% C.I.)
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Boys and girls did not differ in the number of foods they had tried, liked or disliked. 
However, there was a significant age-by-gender interaction in the number of foods 
disliked (F (3,1167) = 2.66, p< 0.05) with younger boys disliking more foods than girls, 
whereas in the older groups this effect was reversed. This interaction was non-significant 
in analyses using the square root transformation of the ‘number of foods disliked’ 
variable.
The ten most highly rated items were chocolate, pizza, ice cream, pasta, strawberries, 
chocolate biscuits, ice lollies, grapes, cakes, and fruit sweets. There was very little 
variation in the ten most highly rated items between sexes and age groups (see Table 
2.2). The 10 lowest rated foods included 6 vegetables (spinach, leeks, marrow, swede, 
sprouts, turnips) and some meats and meat substitutes (textured vegetable protein, soya 
meat, liver-sausage and liver).
Table 2.2 Ten most highly rated foods by age group and gender
Infant Junior Lower
secondary
Middle
secondary
Girls Boys
Crisps S S - - - S
Ice lollies S S S s s
Ice cream s S S S s s
Chocolate s S s s s s
Cakes s S s s s s
Chocolate s S s s s s
biscuits s S _ s s -
Strawberries S S s s s s
Pizza S - s s ' s s
Pasta S s s s s
Fruit sweets - s s s s -
Grapes - - s s - s
Chips - - - s - -
Roast potatoes
Of the 92 foods tried by at least 75% of the sample, only 10 were disliked on average 
(significantly below indifference by one-sample t-tests). These were: processed cheese,
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cottage cheese, cabbage, cauliflower, mushrooms, onions, parsnips, sprouts, celery, and 
spinach. Among the 23 foods tried by fewer than 75% of the children, 17 were 
significantly disliked by those who had tried them. All 23 were omitted from further 
analyses of patterns of food preferences because of the amount of missing data.
Table 2.3: Cronbach’s alpha and mean liking of items in each food category (total 
sample and by gender)
Food category 
(no of items)
Scale
Alpha
Mean (sd) 
Total 
sample 
(n = 1232)
Mean (sd) 
Girls 
(n = 639)
Mean (sd) 
Boys 
(n = 564)
Significance 
of difference
Fatty & sugary foods 
(19) 0.86 4.27 (0.56) 4.21 (0.57) 4.35 (0.55) p<0.005
Fruit (12) 0.88 4.18(0.76) 4.22 (0.71) 4.13(0.81) p<0.05
Starchy staples (12) 0.75 4.09 (0.58) 3.98 (0.56) 4.02 (0.59) ns
Meat (7) 0.77 3.72 (0.79) 3.57 (0.80) 3.90 (0.79) p<0.001
Processed meat (7) 0.77 3.66 (0.83) 3.55 (0.83) 3.81 (0.80) p<0.001
Eggs (3) 0.86 3.54(1.26) 3.46(1.22) 3.64(1.28) p<0.05
Fish (3) 0.63 3.39(1.11) 3.34(1.12) 3.45 (1.10) ns
Dairy foods (7) 0.75 3.27 (0.87) 3.26 (0.81) 3.27 (0.93) ns
Vegetables (17) 0.89 3.05 (0.83) 3.13(0.80) 2.96 (0.86) p<0.01
2.3.3 Preferences by food type
In order to examine the pattern of children’s food preferences, the foods tried by at least 
75% were grouped into categories of food type, corresponding roughly to the main food 
groups making up the Balance of Good Health (Hunt et al, 1995) with some additions. 
These categories were Fruit (n = 12), Vegetables (n = 17), Meat (n = 7), Processed meat 
products (n = 7), Starchy staples (n = 12), Eggs (n = 3), Fish (n = 3), Dairy (n = 7) and 
Fatty/Sugary foods (n = 19). Five items (nuts/nut dishes, soup, ketchup, salad dressing,
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and gravy) were excluded at this stage since they could not be easily fitted into any one 
category. Category-based preference scales were produced for each participant by 
calculating the mean of the liking scores of the foods in each category. Cronbach’s 
alphas and item means for each scale (for the total sample and for girls and boys 
separately) are given in Table 2.3.
Fatty/sugary foods were the most well-liked, followed by fruit, starchy staples, meat, 
processed meat products, eggs, fish, dairy foods and lastly vegetables. Liking for fruit 
and vegetables was higher for girls than boys (F(l, 1170) = 4.22, p<0.05 and F (l,l 171) = 
10.56, p =0.001 respectively), though this gender difference in liking for fruit was not 
significant in analyses with transformed variables nor in non-parametric analyses.
Liking for fatty/sugary foods, meat, processed meat products and eggs, on the other 
hand, was higher for boys (F( 1,1171) = 9.46, p<0.005; F (l,l 151) = 40.18, p <0.001; 
F (l,l 169) = 25.26, p<0.001; F(l, 1147) = 3.98, p< 0.05 respectively). Girls and boys did 
not differ in their liking for foods in any other categories.
2.3.4 Age differences in preferences
Although there was little overall change, there were age-related differences in 
preferences for foods in the fatty/sugary (F(3, 1171) = 8.10, p < 0.001), fruit (F(3,l 170) 
= 3.16, p< 0.05), fish (F(3, 1145) = 4.24, p < 0.05) and dairy (F(3, 1168) = 4.77, p < 
0.005) categories (Table 2.4). Liking for fruits and fatty and sugary foods reached a 
peak in the 8-11 year-old age group, whereas liking for fish and dairy foods was highest 
amongst the youngest children and declined thereafter.
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Table 2.4: Mean liking (s.d.) for items in each food category by age group
Infants
(n=176)
Juniors
(n=291)
Lower
Secondary
(n=466)
Mid
Secondary
(n=264)
Significance 
of difference
Mean age (s.d.) 5.98 (0.99) 9.49 (1.05) 12.02 (0.79) 14.51 (0.58)
Fatty/sugary 4.29 (0.61) 4.41 (0.54) 4.23 (0.55) 4.19 (0.55) p < 0.001
Fruits 4.18 (0.74) 4.28 (0.73) 4.11 (0.77) 4.17 (0.77) p < 0.05
Starchy staples 4.07 (0.68) 3.99 (0.62) 3.99 (0.54) 3.97 (0.51) ns
Meat 3.72 (0.82) 3.66 (0.82) 3.72 (0.78) 3.76 (0.77) ns
Processed meat 3.60 (0.90) 3.68 (0.86) 3.64(0.81) 3.72 (0.79) ns
Eggs 3.55 (1.39) 3.46(1.33) 3.56(1.17) 3.55 (1.24) ns
Fish 3.71 (1.08) 3.34(1.18) 3.36(1.08) 3.30(1.07) p< 0.05
Dairy 3.47 (0.89) 3.30 (0.99) 3.22 (0.80) 3.22 (0.81) p < 0.005
Vegetables 3.15 (0.86) 3.00 (0.88) 2.98 (0.81) 3.11 (0.79) ns
Age-by gender interaction effects on liking were observed in the processed meat 
products, eggs, fish and dairy foods categories only. For processed meat products, boys’ 
liking increased with age whilst that of girls’ remained largely stable. Liking for eggs 
increased with boys’ age but decreased with girls’. For dairy foods, boys’ liking was 
seen to decline with age where girls’ fluctuated, and for fish items boys’ liking remained 
static whilst girls’ decreased with age.
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2.4 DISCUSSION
The results of this study indicate that the 10 most highly rated foods in this large sample 
of children in London were very similar to those cited in previous studies of French, 
German, American and younger British children (Bellisle et al, 2000; Diehl, 1999; 
Skinner et al, 2002b; Wardle et al, 2001b) with fatty and sugary foods featuring most 
heavily. Nevertheless, the inclusion of two fruit items (grapes and strawberries) in the 
children’s ‘Top 10’ is encouraging and unexpected. Vegetables, on the other hand, were 
over-represented amongst the lowest rated foods. Again, this is a widely replicated 
finding cross-culturally (Diehl, 1999; Gibson et al, 1998; Perez-Rodrigo et al, 2003; 
Skinner et al, 2002b; Ton Nu et al, 1996) and may explain, to some extent, the low 
levels of consumption typically reported.
I have replicated Wardle et al’s finding of a strong correlation between average liking 
for a food and the proportion of children who had tried that food (Wardle et al, 2001b). 
As the authors of that study concede, the latter is not a measure of exposure frequency, 
but the association suggests that parents tend to offer their children the foods that 
children generally accept most readily. Skinner and colleagues (Skinner et al 2002b) 
found that mothers were unlikely to introduce their children to foods that they 
themselves disliked and this is reflected in the finding that the least tried foods were 
those that are widely disliked by adults (e.g. sprouts, liver).
As expected, the number of foods tried increased significantly with age in this sample, 
although the increase was small in real terms -  from around 90 in the youngest age 
group to an average of around 103 in the oldest children. The number of foods liked and 
disliked also increased. However, controlling for the number of foods tried eliminated 
the age-related increase in number of foods disliked. More intriguing was the impact on 
number of foods liked, which was found to decrease with age after adjustment for 
number tried. These findings might be considered support for the notion of a 
deterioration in the diets of older children (Lytle et al, 2000) rather than the broadening 
of dietary repertoire that a developmental decline in neophobia might lead us to expect 
(Koivisto & Sjoden, 1996; Pelchat & Pliner, 1995). One possible interpretation of these
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results is that the foods that children try later in life are intrinsically less likeable than 
those commonly offered to younger children. For example, the age-related decline in 
liking for fish observed here might be the result of being ‘weaned o ff highly palatable 
fish fingers and onto less appealing unprocessed types of fish. Thus, although a 
lessening of neophobia appears to increase willingness to try new foods, it does not 
follow that a liking for these more “acquired tastes” will result. Research into the 
efficacy of repeated exposure in increasing liking for unfamiliar foods, typically use 
appealing novel foods such as cheese and fruit (Birch & Marlin 1982) or fruit juice 
(Pliner 1982). Where more unusual foods such as dates (Birch 1979b) or tripe, halvah 
and chutney (Peryam 1963) have been the target, preference has not significantly 
increased. Alternatively, it is possible that levels of exposure in these studies were too 
low to have an impact. This may have been a factor in my findings, but I have no means 
of knowing the extent of participants’ exposure to foods, merely that they had tried them 
once or more.
There were no gender differences in number of foods tried, liked or disliked, although 
the significant age-by-gender interaction in number of foods disliked suggests that boys 
may be more ‘picky’ early, where girls are more so during adolescence. Although 
Koivisto-Hursti and Sjoden (1997) have previously documented significantly higher 
neophobia in 9 year-old boys and in adult males, no gender differences were found in 
adolescents. An alternative explanation for girls disliking more foods may be that 
weight and diet issues become more pertinent for girls at this age, although this is 
speculative since I have no supporting data available for my sample. In addition, this 
interaction was not significant when analyses were re-run using transformed variables 
and it is therefore premature to draw conclusions without further evidence.
Grouping foods into nine categories provided a more detailed picture of gender 
differences, changes in preferences that may occur with age and the relationships 
between foods. Cronbach’s alphas for all categories were high indicating that liking was 
reasonably consistent within categories. Across age groups and genders, fatty/sugary 
foods were liked the most and fruit ran a close second. This seems to challenge the idea 
that children “eat what they like” since we know that on average their fruit intake is low.
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This apparent contradiction may be a product of the context in which fruit is generally 
offered -  as a snack or a dessert in direct competition with the even more desirable 
options of fatty/sugary foods. This is a contest that fruit is unlikely to win given its low 
energy density and lesser sweetness (Gibson et al, 1998; Gibson & Wardle, 2001, and 
see Templeton et al, 2005 for a demonstration of the impact of competitive foods on 
nutrient intake of adolescents). Vegetables were the lowest rated category of foods, 
which is largely consistent with previous findings (Diehl, 1999; Skinner et al, 2002b; 
Ton Nu et al, 1996) although it should be noted that even vegetables had average ratings 
slightly above indifference.
These findings, together with previous studies of children’s fruit and vegetable intake, 
emphasize the need to consider fruit and vegetables as separate variables (Gibson et al,
1998). Fruit is well-liked, but vegetables are not. Different factors may predict these 
preferences and different barriers operate to discourage intake. This issue will be 
examined further in Study 2.
Previous research has documented healthier food choices and greater liking and 
consumption of fruits and vegetables in girls compared with boys (Le Bigot Macaux, 
2001; Lien et al, 2001; Reynolds et al, 1999; Robinson & Thomas, 2004) and my data 
show a similar pattern. Girls showed a greater liking for fruit and vegetables than boys 
and boys gave higher ratings to fatty/sugary foods, meat, processed meat and eggs than 
girls. Given that at all ages, boys’ energy requirements are greater than those of girls, 
their greater liking for more energy-dense food groups such as proteins may serve an 
adaptive purpose. On the other hand, social desirability may have had a stronger impact 
on girls’ responding, because of the greater importance that females attach to diet 
(Wardle et al, 2004).
Age differences in preferences for food categories observed here do not provide a 
wholly coherent picture. Significant differences were only found in four categories 
(fatty/sugary, fruit, fish and dairy) and fail to support a prediction of increased 
preference for unhealthy foods at or around puberty and the transition to secondary 
school. On the contrary, the data suggest a reduced preference for fatty and sugary
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foods at this time, albeit combined with a similar reduction in liking for fruit. Likewise 
age-by-gender interaction effects were highly variable and problematic to interpret.
There are several limitations of this study. Firstly, the cross-sectional nature of the data 
limits the implications that can be drawn in some respects. Investigating food 
preferences longitudinally across this age span in British children would provide 
additional information on stability and change. However, it is arguable that had I 
conducted a longitudinal survey of children from the age of four to sixteen, the results 
would have been affected by the enormous and rapid changes in the food environment 
that have occurred in recent years. In my cross-sectional data on the other hand, the 
food environment is held constant. Secondly, the generalisability of the findings is 
questionable given that only six schools agreed to take part, two of which were single­
sex. I was unable to adjust my analyses for an effect of school since this was confounded 
with age. This is regrettable, since the individual school’s food environment may have 
an influence on preferences. In addition, the fact that parents had a major part in 
completing questionnaires for the youngest of my age groups may have affected my 
results. Finally, it would have been informative to have more detail about the children 
themselves (e.g. ethnicity, SES, temperament and dietary restrictions) and their parents 
in order to investigate effects of these on preferences. Nevertheless, the large sample 
size and high coverage rate achieved lend weight to my findings.
2.4.1 Conclusions
My aim was to investigate age and gender differences in food preferences in order to 
inform interventions to improve children’s diets. Across ages and genders, children 
rated fatty and sugary foods very highly, and with a food industry all too eager to 
produce foods that appeal to their tastes, it is perhaps not surprising that we are facing an 
obesity epidemic. I did not find evidence of major changes in preferences over the 
school years, although the small developmental decrease in the number of foods liked is 
worthy of further investigation as it may counteract efforts to establish healthier diets in 
adolescents if the decline is in liking for healthy foods. As well as documenting the
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situation, however, my findings point to a number of possible areas for intervention. My 
results emphasize the strong relationship between familiarity and preferences. Effective 
strategies to increase consumption should therefore include elements designed to 
provide repeated exposure to unfamiliar foods. Findings for fruit and vegetables are also 
informative. The data suggest that dislike is not a barrier to fruit consumption since fruit 
was rated very highly, especially amongst girls. In contrast, my findings support the 
view that liking should be targeted in interventions aimed at increasing consumption of 
vegetables, which are rated only slightly above indifference. The high consistency of 
preferences within categories might suggest that increasing liking for one food in a 
category might generalize to liking for others in the same category. It appears that boys 
have less healthful food preferences than girls throughout the school years and 
interventions may need to be mindful of the need to target messages appropriately. 
Finally, the findings suggest that food preferences are well-established prior to starting 
school, and remain fairly static through the years of compulsory education. This argues 
for a greater focus on understanding the development of eating patterns in the preschool 
years, as well as more interventions aimed at improving the diets of children at earlier 
stages than has been attempted thus far.
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CHAPTER 3: 
STUDY 2: DEMOGRAPHIC, FAMILIAL AND TRAIT PREDICTORS OF FRUIT 
AND VEGETABLE CONSUMPTION IN PRESCHOOL CHILDREN56 
3.1 INTRODUCTION
3.1.1 Rationale
The literature reviewed in Chapter 1 suggests that the determinants of fruit and vegetable 
intake in children may encompass demographic and familial factors and traits of children 
themselves. However, most studies have limited their attention to only one or two of the 
three domains. Investigations of the influence of factors in any one domain are likely to 
be strengthened by also taking account of the others because they may not prove to be 
independent. A further issue concerns the tendency for many researchers to consider fruit 
and vegetables as a single food type despite obvious differences between them in terms of 
both sensory properties and cultural usage. As a result, there are likely also to be 
differences in the factors contributing to variation in consumption, not least because fruit 
is widely liked where vegetables are not, as demonstrated in Study 1. Finally, predictors 
of fruit and vegetable consumption in children under five years of age have rarely been 
investigated.
3.1.2 The current study
The present study investigated the association between variables within the domains of 
demographic characteristics, family feeding practices and child traits and fruit and 
vegetable intake in a large community sample of families with young children. A 
conceptual model of the specific variables hypothesized to be related to fruit and 
vegetable intake in children is presented in Figure 3.1 although I anticipated that specific 
predictors of intake frequency would differ for fruits and vegetables.
5 A paper based on this study has been published: Cooke, L., Wardle, J., Gibson, L., Sapochnik, M., 
Sheiham, A. & Lawson, M. (2003) Demographic, familial and trait predictors of fruit and vegetable 
consumption by pre-school children, Public Health Nutrition , 7 (2), 295-302. A copy can be found in 
Appendix 2.1.
6 The despatch of questionnaires was completed prior to my arrival at the CR-UK Health Behaviour Unit, 
but I completed the data entry, analysis, and interpretation of results.
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Figure 3.1 Conceptual model of variables hypothesized to be related to fru it and vegetable consumption in children
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3.1.3 Ethical approval
Ethical approval for this study was granted by the UCL Committee on the Ethics of 
Non-NHS Human Research. The letter of approval can be found at Appendix 2.2.
3.2 METHOD
3.2.1 Participants and procedure
Power calculations revealed that a sample size of 450 parent-child dyads would provide 
80% power to detect a correlation of a magnitude of 0.15 or greater. Previous research 
indicated that the associations between fruit and vegetable consumption frequency and 
the predictor variables of interest here were unlikely to be weaker than this. The study 
took place in Camden, an Inner London borough which ranks 19th highest, or most 
deprived out of 354 English local authorities on the Index of Multiple Deprivation. 
Camden was chosen on the basis of the ethnic, social and cultural diversity of its 
population with the aim of maximising the generalisability of the findings. A response 
rate of approximately 40% was expected and therefore twenty-two nursery schools with 
a total of 896 pupils in the age range 2-6 years were invited to take part. The survey was 
publicised with posters displayed in the nurseries, and questionnaires were left for staff 
to distribute to parents, together with a freepost return envelope. Numbering 
questionnaires and linking these numbers to parents’ names in separately-stored files 
ensured anonymity for participants.
3.2.2 Measures 
Demographic characteristics
Respondents were asked their age at leaving full time education. Responses to items 
covering current employment situation (‘not working’, ‘working part-time’ or ‘working 
full-time’), possession of a car (‘no’, or ‘yes’), and housing tenure (‘rented from the 
local authority’, ‘rented privately’ or ‘owned’) were summed to provide a composite 
deprivation/affluence score with lower scores indicating greater deprivation. Single 
questions requested details of the respondent’s age and ethnicity (subsequently classified 
as ‘white European’ or ‘other’), and their child’s age and sex.
76
Chapter 3 Study 2
Child’s and parent’s intake of fruit and vegetables
Frequency of fruit and vegetable consumption by both parent and child was assessed by 
asking, ‘How often do [you] [your child] eat the following items?’ This was followed by 
a list of 6 food types, including ‘fruit (fresh or tinned)’ and ‘vegetables (including salad 
but not potatoes)’. Possible answers were ‘never’, ‘less than once a week’, ‘once a 
week’, ‘twice a week’, ‘three times a week’, ‘four times a week’, ‘five times a week’, 
‘six times a week’, ‘every day’ or ‘more than once a day’. Other food categories 
(discussed in Chapter 4) were ‘meat and fish’, ‘cakes, biscuits and chocolate’, ‘rice, 
potatoes or pasta’ and ‘eggs’.
Parental feeding practices
Family feeding practices were measured using 3 items derived from preliminary 
interviews with mothers of young children: ‘Do the children in your family most often 
eat their evening meal at the same time as the grown ups?’, ‘Do the children in your 
family most often eat the same food as the grown-ups?’ and ‘Do the children in your 
family most often eat in the same place as the grown-ups?’ Answers were ‘yes’ or ‘no’. 
Possible scores ranged from 0 to 3 with higher scores indicating more a more traditional 
structure to mealtimes. Cronbach’s alpha for this scale = .60.
Early feeding was investigated by asking ‘How did you feed your child before they 
began eating solid foods?’ Possible responses were: ‘breast fed only’, ‘bottle fed only’ 
or ‘breast and bottle fed’. Parents were asked when they had introduced each of a 
variety of different fruits and vegetables into their children’s diet. In view of the likely 
difficulty for parents of remembering exactly when specific fruits or vegetables had been 
introduced, age of introduction to fruit was taken to be the earliest age at which any fruit 
was introduced. Likewise, age of introduction to vegetables was derived from the 
earliest reported introduction to any vegetable.
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Child’s food-related characteristics
The Child Food Neophobia scale (CFNS; Pliner, 1994) is a 6-item scale (reduced from 
original 10 items) designed to assess the extent to which children reject unfamiliar 
foods. Four items were excluded on the basis that they appeared inappropriate for the 
age range of our sample. These items were: “My child likes food from different 
countries”, “My child thinks that ethnic food looks to weird to eat”, “At parties, my 
child will try a new food”, and “My child likes to try new ethnic restaurants”. The six 
items retained were: “My child does not trust new foods”, “If my child doesn’t know 
what’s in a food, s/he won’t try it”, “My child is afraid to eat things s/he has never had 
before”, “My child will eat almost anything” (reverse scored), “My child is very 
particular about the foods s/he will eat” and “My child is constantly sampling new and 
different foods” (reverse scored). Responses were on a 4 point scale from ‘strongly 
disagree’ to ‘strongly agree’. The higher the score, the higher the level of neophobia 
(Cronbach’s alpha = .84 for the six-item version in this sample).
The Child Enjoyment of Food Scale from The Children’s Eating Behaviour 
Questionnaire (CEBQ; Wardle et al, 2001a) (Cronbach’s alpha = .88) was scored in the 
same way and includes such items as, “My child loves food”. Again, higher scores 
indicate greater enjoyment of food.
A copy of the full questionnaire can be found in Appendix 2.3.
3.2.3 Statistical analysis
Data from the questionnaires were analysed using SPSS version 10. To normalise 
distributions of fruit and vegetable intake which were negatively skewed, variables for 
both parents and children, the data were appropriately transformed (reflect and 
logarithm, i.e. loglO ((Xmax+l)-x) as recommended by Tabachnik & Fidell (1996). 
Relationships of all variables to children’s fruit and vegetable intake were assessed by 
bivariate Pearson’s product-moment correlation coefficients, t-tests or analyses of
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variance as appropriate. Gender differences between variable means were examined 
using independent samples t-tests.
Variables having significant univariate relationships with fruit and vegetable intake were 
entered simultaneously using the ‘enter’ command into multiple regression analyses to 
determine their relative contribution in the presence of other predictor variables. This 
was done separately for fruit and vegetables in the light of evidence that determinants of 
intake of these two food types might be different. To ensure that data from ‘father’ and 
‘other’ respondents made no material difference to the pattern of results, analyses were 
re-run with data from mothers only.
3.3 RESULTS
3.3.1 Response rate and participant characteristics
Nine hundred questionnaires were given out to the nursery schools of which 572 were 
returned (64%). Eight questionnaires were excluded from further analyses as the 
children concerned failed to meet the age criteria for the study, resulting in a sample size 
of 564. Parental respondents were aged between 21 and 59 years, with a mean of 36 
years (s.d. = 5); Three hundred and eighty six respondents (68%) gave their ethnicity as 
“white European”, 105 (19%) as “other”, and 73 (13%) declined to answer. Five 
hundred and fifteen respondents (90%) were the mother of the child. Mean age of 
leaving full-time education was 21.3 (s.d. = 3.4). Over 68% of the sample was 21 or 
over at leaving full-time education (implying university-level) and as a result, a new 
dichotomous education variable was created: “Leaving full-time education before the 
age of 21” or “Leaving full-time education after the age of 21”. Ninety percent of 
respondents owned at least one car. Seventy-six percent of the sample lived in privately 
owned accommodation, and roughly equal proportions of respondents were employed 
full-time (33%), employed part-time (33%) and not working (34%). A description of the 
demographic characteristics of respondents is provided in Table 3.1.
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Children ranged in age from 24 to 72 months with a mean of 45.2 months (s.d. = 10.1). 
Forty seven percent (n= 267) of the children were male, 50% (n= 284) were female, and 
3% (n=13) did not have a gender specified. Prior to weaning 35.5% (n=200) of children 
had been exclusively breast-fed, 52% (n=293) were breast and bottle-fed, and 11.5% 
(n=65) were bottle-fed. The mean age at which children had been introduced to their 
first fruit was 4.77 months (s.d. 1.87) and to their first vegetable, 6.21 months (s.d. 2.97).
Table 3.1 Demographic characteristics of respondents (full sample: n=564)
Age in years (Mean and s.d.) 36.0 (4.96)
Ethnicity %
White/Caucasian (n=386) 
Other (n=105)
Missing (n= 73)
68.4
18.6
12.9
Parental education (age of leaving full­
time) %
Up to age 20 (n=178) 
Over 21 (n=385) 
Missing (n=l)
31.6
68.3
0.2
Car ownership %
Own car (n=508) 
No car (n=52) 
Missing (n=4)
90.1
9.2
0.7
Housing Tenure %
Privately owned (n=432) 
Privately rented (n=73) 
Council rented (n=51) 
Missing (n=7)
76.6
12.9
9.0
1.2
Employment %
Working full-time (n=186) 
Working part-time (n=182) 
Not working (n= 190) 
Missing (n=7)
33.0
32.3
33.7
1.1
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3.3.2 Children’s intake of fruit and vegetables
In line with the findings of previous research, parents and children’s reported intakes of 
fruit and vegetables were generally low (see Table 3.2). More than 30% of children ate 
fruit less than once a day and more than 40% ate vegetables less than once a day. There 
was no gender difference in frequency of fruit intake (t(547) = .81, p = .42), but boys ate 
vegetables less frequently than girls (t(545)= 2.78; p=.006).
Table 3.2: Frequency of fruit and vegetable consumption of adults and their 
children
Adults Children
Frequency of fruit consumption % (n)
Less than once a day 
Every day
More than once a day 
Missing
Frequency of vegetable consumption % (n)
38.7 (218) 31.4 (177)
32.8 (185) 37.4 (211)
27.0 (152) 29.6 (167)
1.6 (9) 1.6 (9)
Less than once a day 25.7 (145) 40.8 (230)
Every day 46.5 (262) 40.6 (229)
More than once a day 26.4 (149) 16.7 (94)
Missing 1.4 (8) 2.0 (11)
3.3.3 Factors associated with children’s intake of fruit and vegetables
The factors investigated in the present study are considered in three categories: 
demographic characteristics, feeding environment including behaviour of parents, and 
characteristics of the child.
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Demographic characteristics
Parents with more education had children who ate more vegetables (t(550) = 2.72; p= 
.007), but no such effect was seen for fruit intake (t(552) = .76, p = .45). No relationship 
was found between deprivation/affluence scores and either fruit or vegetable 
consumption. Children from “other” ethnic groups ate less fruit than “white Europeans” 
(t(481) = 2.06, p = .04) but there was no ethnic difference in vegetable consumption 
(t(479) = 1.19, p = .24). Older children ate vegetables significantly more often than 
younger ones (r = .09, p =.03) but there was no association between age and fruit 
consumption. Finally, girls ate vegetables more frequently than boys (t(545) = - 2.83, p 
= 0.005), but there was no difference in fruit intake frequency (t (547) = -.95, p=0.34).
The feeding environment
The amount of fruit or vegetables that parents themselves reported eating was a strong 
predictor of their children’s intake with positive correlations between parents and child’s 
intake of vegetables (r = .49; pc.OOl) and fruit (r = .39; p c.001).
Family feeding practices (scale mean = 1.92, s.d. 0.97) were modestly correlated with 
vegetable consumption (r = .10, p = .02), with a trend in the same direction for fruit (r = 
.08, p = .06) indicating that traditional family mealtimes were associated with higher 
intake. Families were categorised as more (scoring 2 or above) or less (scoring 1 or less) 
traditional in their mealtime routines. In families who were more traditional in their 
feeding practices, a greater proportion of children ate vegetables and fruit once a day or 
more than in families who were less so (vegetables: 67.5% vs. 32.5%, fruit: 71.1% vs. 
62.9%).
The earlier the age that children had been introduced to vegetables, the greater the 
child’s current intake (r = -.10; p = .02). A similar effect was observed for fruit (r = -.13, 
p = .004). Roughly 10% of respondents failed to complete this section of the 
questionnaire on the grounds that they were unable to recall when they had introduced
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fruit or vegetables. The analyses were, therefore re-run after assigning the sample mean 
to all missing cases, with no material difference in the outcome. Early infant feeding 
practices also appeared to be influential. Children who had been exclusively breast-fed 
ate vegetables more often than those who had been both breast and bottle-fed, who in 
turn ate them more often than those who were entirely bottle fed (Linear F( 1,544) =
11.1.2, p = .001). The same effect was observed for fruit consumption (Linear F (1,546)
= 16.2, p < .001).
Child characteristics
The two eating behaviour characteristics that were measured were both significantly 
associated with consumption. Children who were more neophobic ate fruit less often (r = 
-.16, p < .001) and vegetables less often (r = -.27, p c.001) than their peers. Children 
who enjoyed food more ate fruit (r = .14, p = .001) and vegetables (r = .28, p < .001) 
more often.
In total, 10 variables were found to be significantly related to fruit consumption, 
vegetable consumption or both (see Table 3.3 for continuous variables and Table 3.4 for 
categorical variables). Influences were apparent from demographic, familial and trait 
factors, and differed somewhat in their impact on fruit and vegetable intake.
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Table 3.3: Univariate associations (Pearson’s product moment correlation 
coefficients) for continuous predictor variables and frequency of children’s fruit 
and vegetable intake*
Variable
Frequency of fruit 
consumption
Frequency of 
vegetable 
consumption
Demographics
Child age .001 .10a
The food environment
Adult intake .39° .49c
Age at introduction to fruit or 
vegetables
-.13b
ceOi
Family feeding practices 
(scores 0-3)
.08 .10a
Child characteristics
Child food neophobia 
(scores 6-24)
-.16c -.27c
Child enjoyment of food
(scores 4-16)
.  .  _ .............................. ..... _
.14b .28c
* Significant correlations are highlighted in bold typeface
a_c Significantly correlated: ap<0.05, b/?<0.005,c/? <0.0012-tail.
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Table 3.4. Mean (s.d.) and median (25th -  75th centile) fruit and vegetable frequency 
for children by categories of parental education, early feeding method, ethnicity 
and child gender
Fruit intake
Mean (s.d.)
Median (25th -  75th centile)
Vegetable intake
Mean (s.d.)
Median (25th -  75th centile)
Education
Left education at < 20yrs 8.19(2.08) *1A1 (2.26)
9(7-10) 9 (6-9)
Left education at > 21 yrs 8.28 (2.07) 7.95 (2.12)
9(7-10) 9 (7-9)
Early feeding
Breast fed only b8.71 (1.69) b8.06 (2.03)
9 (9-10) 9 (7-9)
Breast/bottle fed 8.08 (2.14) 7.82 (2.18)
9 (7-10) 9 (7-9)
Bottle fed only 7.68 (2.53) 6.97 (2.40)
9 (6-9) 7(5-9)
Ethnicity
White Caucasian c8.34 (2.03) 7.88 (2.11)
9 (7-10) 9 (7-9)
Other 7.88 (2.23) 7.57 (2.34)
9 (6-9) 9 (6-9)
Child gender
Boy 8.16(2.14) a7.51 (2.32)
9 (7-10) 9 (6-9)
Girl 8.33 (2.02) 8.04 (2.02)
9 (7-10) 9 (7-9)
Significant differences are indicated by bold typeface 
a p < 0.01, bp < 0.001,c p < 0.05
3.3.4 Multivariate analyses of fruit and vegetable intake
In order to assess their individual contribution in relation to other predictor variables, the 
six variables significantly related to fruit intake and the nine related to vegetable intake 
were entered into separate multiple regression analyses using the command ‘enter’.
Children’s fruit intake was most strongly predicted by parental intake. There was a 
persistent influence of early feeding, with children who had been breast-fed eating more 
fruit. Child food neophobia remained a significant predictor, as did early introduction to
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fruit. These four factors accounted for 19% of the variance in consumption. In their 
presence, ethnicity and enjoyment of food failed to contribute significantly to the 
variation in intake (see Table 3.5).
Table 3.5: Result of the simultaneous multiple regression analysis of univariate 
predictors of frequency of children’s fruit consumption
Variable B SEB Beta t P(t) *deUa
r2
Adult fruit intake 0.178 0.021 0.35 8.34 .000 0.120
Early feeding method 0.052 0.019 0.12 2.81 .005 0.014
Child food neophobia -0.009 0.004 -0.12 -2.48 .014 0.011
Age of intro to fruit -0.013 0.006 -0.09 -2.07 .039 0.007
Ethnicity -0.056 0.030 -0.080 -1.90 .058 0.006
Child enjoyment of 
food
0.007 0.005 0.062 1.28 .200 0.003
r=.45, r2=.20, Adjusted r2=.19, F(6,458) = 19.3, p < .001
* The amount by which xl would be reduced with the removal of each IV from the model
The pattern for predicting vegetable consumption had some similarities. Again the 
strongest predictor of child’s intake was adult’s intake, followed by neophobia. 
Enjoyment of food and gender also had significant effects, together explaining 34% of 
the variation in intake (see Table 3.6). In contrast to fruit consumption, feeding method 
(breast or bottle) did not have an independent effect in the presence of these four 
variables. Similarly, the impact of child’s age, family feeding practices, age of 
introduction to vegetables and parental education were no longer predictive, suggesting
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that their effects were either part of, or mediated by, the effects of one of the other 
variables in the analysis.
Table 3.6: Result of the simultaneous multiple regression analysis of univariate 
predictors of frequency of children’s vegetable consumption
Variable B SEB Beta t P(t) *delta
r2
Adult vegetable intake 0.278 0.023 0.45 11.93 .000 0.188
Child food neophobia -0.014 0.003 -0.19 -4.49 .000 0.027
Child enjoyment of 
food
0.013 0.004 0.13 2.95 .003 0.011
Sex of child 0.061 0.02 0.11 2.97 .003 0.012
Family feeding 
practices
0.013 .011 .045 1.21 .229 0.002
Age of intro to veg -0.004 .003 -.043 -1.17 .244 0.002
Early feeding method 0.017 .016 .039 1.05 .294 0.001
Parental education 0.018 .022 .029 .78 .434 0.001
Age of child 0.001 .001 .029 .772 .440 0.001
r=.58, r2=.34, Adjusted r2=.33, F (9,499) = 28.49, p < .001
* The amount by which r2 would be reduced with the removal of each IV from the model
When analyses were repeated on ‘mothers’ only no differences were observed except 
that ‘white ethnicity’ remained a significant independent predictor of fruit intake in the
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multivariate analyses, where it had dropped out when all respondents’ data was 
included.
3.4 DISCUSSION
The results of this survey provide further evidence of the low levels of fruit and 
vegetable consumption in children, with more than one third of children failing even to 
eat fruit and vegetables on a daily basis, despite a number of public awareness 
campaigns. The findings are broadly in line with previous research in this area (Gregory 
et al, 2000; Prescott-Clarke & Primatesta, 1998) and amply demonstrate the scale of the 
problem of poor diet in children in the UK. Since respondents typically overestimate 
intake of fruit and vegetables (Bingham, et al, 1994), the true picture could be even more 
worrying than my figures suggest.
Significant predictors of children’s fruit and vegetable intake emerged from all three 
categories examined. Demographic factors associated with greater vegetable 
consumption were mother’s education and child’s age and gender. A positive 
relationship between maternal education and child’s fruit intake has been reported 
previously (Gibson et al, 1998; Laitinen et al, 1995) but not with vegetable intake, 
although the very high average level of education among respondents in the present 
study limit the conclusions I am able to draw. The finding of greater vegetable intake in 
older children may be related to a reduction in neophobia that occurs with age (Birch et 
al, 1987). That boys ate vegetables less often than girls is consistent with previous 
research with adults (Wardle et al, 1997) and children (Gregory et al, 2000). However 
my finding applies to younger children than previous research and it seems unlikely that 
gender differences in health beliefs would mediate this result at this age.
Demographic predictors of fruit intake differed from those for vegetables with the only 
significant association being between ethnicity and fruit intake. Interpretation of the 
finding that ‘white Caucasian’ children eat more fruit than ‘other’ ethnic groups is 
problematic, however, given the under-representation of ethnic minorities in the sample.
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Parental consumption was a highly significant predictor of both fruit and vegetable 
intake, which is consistent with previous research findings (Fisher et al, 2002; Gibson et 
al, 1998). This could be attributed to a combination of factors including modeling effects 
(Cullen et al, 2001), availability in the home (Hearn et al, 1998) and other aspects of 
shared environment, as well as genes. However, given the finding that children’s food 
preferences may themselves influence the family diet (Ministry of Agriculture,
Fisheries, & Food, 2000), a definite causal interpretation is not possible. Early 
experiences with food were also influential, with associations between breast-feeding 
and early introduction to fruit and vegetables and child's intake. In addition, family 
feeding practices were associated with higher intake of vegetables though not of fruit. 
Lastly, characteristics of children themselves were strong predictors of fruit and 
vegetable consumption. As predicted, lower food neophobia and greater enjoyment of 
food were related to higher intake of both fruit and vegetables.
The results of the subsequent multivariate analyses permit examination of the relative 
importance of the factors that influence children's fruit and vegetable intake in the 
univariate analysis and their relationships with other variables. The strongest 
independent predictor of children's fruit and vegetable consumption was parental intake. 
In addition, the impact of child food neophobia remained significant for both (though 
less so for fruit than for vegetable consumption). In the presence of these factors, 
however, significant independent predictors differed between fruits and vegetables. For 
frequency of fruit intake there was a persistent effect of early feeding experiences (breast 
feeding and early exposure) whereas frequency of vegetable consumption was affected 
by child's gender and enjoyment of food. The influence of all other variables was 
rendered non-significant. Whilst the analyses performed here do not permit the 
establishment of causal relations, they do indicate that some variables share variance, or 
are on a pathway, with one another. The relationship between these predictor variables 
warrants further investigation. Previous research with older children (Gibson et al, 1998) 
documented quite separate predictors of fruit and vegetable consumption. The present 
study found that fruit and vegetable intake were predicted by two factors in common -  
food neophobia and parental consumption, but that other predictors differed.
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Before discussion of the implications and applications of the findings of this study, a 
number of limitations require acknowledgement. Respondents were predominantly 
white, middle-class, and highly educated. Findings cannot therefore be generalised to 
less privileged populations. The sample characteristics may have led us to underestimate 
the extent of the prevalence of low fruit and vegetable intake and the strength of the 
relationship with SES. This assertion requires further investigation. A further 
shortcoming concerns the measure used to assess intake of fruit and vegetables. The 
scale used to assess children's consumption (from "never" to "more than once a day") 
was designed to build on previous research findings by illustrating just how far below 
recommended guidelines their intake falls. Perhaps because of the high socio-economic 
status of the majority of participants, responses were skewed towards the top end of the 
scale and I was unable to distinguish any very high consumers from average consumers, 
although previous research suggests that very few children eat more than 2 daily 
servings of fruit and vegetable combined. Finally, the reliability of responses to items 
concerning the timing of introduction of fruit and vegetables during the weaning process 
was questionable and their interpretation problematic. Almost 10% of participants failed 
to complete this section on the grounds that they could not remember exactly when they 
had introduced certain foods. It is also reasonable to question the likely accuracy of 
those who did estimate the timing, to the nearest month, of an event that had taken place 
as much as 5 years previously.
3.4.1 Conclusions
The aim of Study 2 was to investigate the determinants of preschool children’s fruit and 
vegetable intake in an economically diverse community sample. Despite some 
limitations, a number of areas for intervention are suggested by the results. Firstly, 
whilst awareness of the importance of high consumption of fruit and vegetables has been 
the focus of education campaigns in recent years, the relevance of this message to 
children’s eating may not have filtered through to parents and requires re-stating. A 
further area for research concerns early feeding practices. The promotion of breast­
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feeding could include information on the possible future benefits of greater acceptance 
of fruit and vegetables. The strength of the association between children’s intake and 
food neophobia suggests that this trait is an important barrier to food acceptance. The 
evidence that early and repeated taste exposure can reduce neophobia and increase 
acceptance of foods, should inform the guidance given to parents during weaning and 
into childhood. Above all, parents should be made aware of the potential importance of 
their own fruit and vegetable intake in encouraging their children to eat a healthy diet.
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CHAPTER 4 
THE IMPACT OF NEOPHOBIA ON FOOD INTAKE
4.1 GENERAL INTRODUCTION
The studies reviewed in Chapter 1 suggest a negative effect of neophobia on diet quality 
or variety (Falciglia et al, 2000; Koivisto & Sjoden, 1996, 1997; Skinner et al, 2002b), 
but it remains unclear whether neophobic children are reluctant to eat any unfamiliar 
foods or whether some types of food are more likely to be rejected than others. Adults 
appear to be more neophobic with respect to foods of animal rather than vegetable origin 
(Pliner & Pelchat, 1991), but this phenomenon is not seen in children (Pliner, 1994). 
Anecdotally, however, mothers often state that their child refuses to eat anything green 
and Cashdan (1998) reported that when parents were asked to list foods that their child 
refused to eat, nearly half were vegetables. In a recent study of over four hundred French 
preschoolers, vegetables were least often selected, and protein and starchy foods most 
widely chosen during school lunches (Nicklaus, Boggio & Issanchou, 2005). Some 
studies of the “picky eating” have found associations with avoidance of vegetables 
(Galloway et al, 2005; Jacobi et al, 2003) or poorer diet quality (Carruth et al, 1998; 
2000) where others have found no differences between picky and non-picky children in 
consumption from the major food groups (Carruth et al, 2004).
The relationship between neophobia and food intake is an under-researched area and few 
studies have involved large samples of preschool children in whom levels of neophobia 
may be at their highest. I had found (Study 2) a strong association between scores on 
the Child Food Neophobia Scale and parent reported frequency of fruit and vegetable 
consumption in over 560 2-6 year olds, suggesting that neophobic behaviours may be an 
important target for intervention. There is a need to ascertain whether children with high 
levels of neophobia reject all types of food or whether avoidance is specific to certain 
food groups. Two studies follow: one using parent report and one using behavioural 
measures.
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STUDY 3A: THE RELATIONSHIP BETWEEN PARENTAL REPORT OF 
FOOD NEOPHOBIA AND FREQUENCY OF CONSUMPTION OF DIFFERENT
FOOD TYPES7
4.2 INTRODUCTION
4.2.1 Rationale
There is some evidence to suggest that neophobic children may have poorer diets than 
their more adventurous peers in terms of variety, and that vegetables, in particular, may 
be avoided. We know that food acceptance is increased by repeated exposure to foods 
and so it is important to attempt to control for this in order to ascertain whether 
neophobia has an independent effect on food intake.
4.2.2 The current study
In this study I further analysed the dataset from Study 2 to examine whether levels of 
child food neophobia were related to reported frequency of consumption of foods in six 
categories: fruit, vegetables, meat or fish, starchy staples (rice, pasta and potatoes), eggs, 
and sugary snacks (cake, biscuits, sweets and chocolate), controlling for parental intake 
as a proxy for exposure. By definition, neophobia should affect responses to all new 
foods irrespective of type, but the findings of previous research have suggested that the 
more potentially “dangerous” foods (plant and animal foods) may evoke a stronger 
neophobic response. I predicted that neophobia would be more strongly related to 
consumption of foods of plant or animal origin than to intake of other food types.
4.3 METHOD
4.3.1 Participants and procedure
Participants are described in the previous chapter (Study 2). The measures of interest for 
this analysis were the Child Food Neophobia Scale (CFNS; Pliner 1994) and the food 
frequency questionnaire. This assessed frequency of consumption of "vegetables”, 
"fruit”, "meat or fish", "eggs", "rice, potatoes and pasta" and "cakes, biscuits, sweets or
7 A paper based on these data has been published as: Cooke, L, Wardle, J & Gibson, E L. (2003) 
Relationship between parental report of food neophobia and everyday food consumption in 2-6 year-old 
children. Appetite 41,205-106 (Copy in Appendix 3.1)
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chocolate" with the question "How often does your child eat the following items?". 
Possible responses on a 10-point scale were "Never", “Less than once a week”, “Once a 
week”, “Twice a week”, ‘Three times a week”, “Four times a week”, “Five times a 
week”, “Six times a week” “Every day” and "More than once a day".
4.3.2 Statistical analyses
An independent t test was carried out to examine gender differences in food neophobia. 
Pearson product moment correlations were calculated to examine the relationship 
between scores on the CFNS and a continuous measure of child’s age and with 
frequency of consumption of the six food categories. Partial correlations were 
calculated controlling for parental intake (indicative of availability in the home - a 
proxy measure of exposure).
4.4 RESULTS
No significant associations were found between age (r = 0.008, p = .86) or gender 
(t(545) = -0.62, p = .55) and neophobia (see Table 4.1 for means and standard 
deviations of CFNS scores by age group and gender).
Table 4.1: Mean (s.d.) CFNS scores by age and gender
Younger children 
(< 49 months)
Older children 
(> 49 months)
All
Girls 15.09 (3.55) (n=179) 15.45 (3.66) (n=104) 15.22 (3.59) (n=283)
Boys 15.17(3.89) (n=163) 14.77 (4.29) (n=101) 15.02 (4.05) (n=264)
All 15.13 (3.70) (n=344) 15.10(3.97) (n=215) 15.12(3.80) (n=559)
Neophobia was associated with lower consumption of vegetables, fruit and meat but was 
unrelated to consumption of sweet or fatty snack foods, starchy staples or eggs. Results 
were unchanged when parental intake was partialled out, with the exception of the 
relationship with egg intake which became marginally significant. (Table 4.2).
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Table 4.2: Correlations between Child Food Neophobia Scale scores and reported 
frequency of consumption of foods
Correlation with CFNS score
Frequency of consumption Unadjusted Adjusted2
Vegetables -0.27** -0.31**
Fruit -0.16** -0.16**
Meat -0.15** -0.18**
Eggs -0.08 -0.09*
Sweet/fatty snacks 0.04 0.03
Starchy staples -0.02 -0.00
** p < 0.01 *p<0.05
a adjusted by partial correlation for parental intake
4.5 DISCUSSION
Findings of the present study were that, as predicted, parent report of child food 
neophobia was negatively related to frequency of consumption of fruit, vegetables and 
meat and fish in preschool children and these results did not materially change when 
parental consumption was controlled for in the analyses, except that a very small, but 
significant association with egg intake emerged. If parental consumption operates as a 
proxy for availability in the home, then these findings suggest that there was no 
influence of non-orosensory exposure independent of consumption. In other words, the 
presence of foods is insufficient to affect frequency of intake. The association with 
vegetable intake is consistent with the findings of Galloway et al (2003) in 7-year-old 
girls and with some of the findings of studies looking at picky eaters (Galloway et al, 
2005: Jacobi et al, 2003). Since the publication of my study, supporting evidence has 
also come from Nicklaus et al, (2005) who report a negative association between variety 
seeking for vegetables and neophobia. The relationship between neophobia and fruit 
consumption has not been reported elsewhere although Galloway et al (2005) found that
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picky eaters ate less fruit than non-picky eaters. The association with foods of animal 
origin (meat, fish and eggs) is novel in children, although adults have repeatedly been 
found to be more neophobic with respect to these foods than to foods of plant or other 
origin (Pliner & Pelchat, 1991).
The pattern of relationships between neophobia and food consumption observed in this 
study is consistent with the assertion that this trait is adaptive. Interestingly, children’s 
preferences for meat, fish, fruit and vegetables also appear to be more heritable than 
those for other types of food (Breen et al, 2006). These foods that are the least 
preferred, and most rejected by children with high levels of neophobia, are the most 
potentially dangerous. Toxins are found in many plants and pose a significant risk to 
children. An avoidance of plant foods might be explicable in these terms, albeit more 
convincingly for vegetables than for fruit. A similar argument can be constructed to 
explain children's avoidance of meat and eggs. Animal foods are primary sources of 
food poisoning bacteria (Tranter et al, 1987) and in the natural food environment, are 
therefore more likely sources of danger than non-animal foods. Danger as a motivation 
for rejecting new foods is related to "learned safety" (Kalat & Rozin, 1973). Only by 
repeated experiences of tasting a novel food without negative consequences do children 
learn that a food is safe to eat freely. This reduction in neophobia as a result of "mere 
exposure" (Zajonc, 1968) is a robust finding in the child feeding literature (e.g. Birch & 
Marlin, 1982; Wardle et al, 2003a) and points the way for interventions to improve the 
quality of children's diets.
A possible anomaly here concerns the finding that neophobia was related to low fruit 
consumption. The evolutionary explanation for the avoidance of meat and vegetables is 
less convincing when applied to fruit intake since fruits are typically high in food value 
and low in toxins (at least when ripe). Nevertheless, avoidance of some berries would 
certainly be adaptive. It may simply be that the demise of the fruit bowl in 21st century 
households means that fruit is unfamiliar in a way that heavily promoted dessert 
alternatives are not.
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A more mundane explanation for the findings might be that less variability in the 
frequency with which the children reportedly ate starch and sweets as opposed to meat, 
vegetables and fruit effectively limited the size of the correlations. Variability in starch 
and egg consumption was indeed less than in vegetable, fruit and meat consumption, but 
this was not the case for cakes and sweets. Furthermore, differences amounted to no 
more than 3% and were not sufficient to explain the large difference in the magnitude of 
the correlations with CFNS scores.
It is also possible that responses on food consumption items may have selectively 
influenced responses on the CFNS. That is, the pattern of results could have arisen if 
particular concern about low intake of vegetables, fruit, and meat caused parents to rate 
their child as more neophobic in general. However, the placing of these two sections of 
the questionnaire five pages apart should have gone some way to reducing this potential 
confound.
It is conceivable that the lack of a correlation for starchy staples is due to there being 
few novel foods in this category. However, this would seem unlikely to be true for 
sweet, fatty snack foods. Moreover, some items on the CFNS do not refer to novelty but 
explicitly measure general pickiness, e.g. “My child is very particular about the foods 
s/he will eat”.
A limitation of this and much previous research is that both child food neophobia and 
consumption have been assessed using parent report which may be susceptible to social 
desirability bias. In addition, respondents may be affected by a drive for consistency in 
their answers, for example, having reported that their child ate certain “healthy” foods 
infrequently they might respond more negatively to items concerning their child’s 
willingness to try foods. It is important to establish whether food neophobia impacts on 
consumption of these food types measured objectively in real mealtime situations.
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STUDY 3B: THE RELATIONSHIP BETWEEN PARENTAL REPORT OF 
FOOD NEOPHOBIA AND CONSUMPTION OF FOOD BY 4-5 YEAR OLDS 
DURING SCHOOL LUNCHES5,9
4.6 INTRODUCTION
4.6.1 Rationale
Study 3 A revealed a significant negative association between maternal report of child 
food neophobia and frequency of consumption of fruit, vegetables, meat and (to a small 
extent) eggs. Both these variables were assessed using parent report. Since the 
possibility exists that respondents were susceptible to social desirability bias or by a 
drive for consistency in their responses, Study 3B was designed to test whether findings 
would be replicated in the context of everyday eating behaviour.
4.6.2 The current study
The aim of the present study was to investigate the relationship between CFNS scores 
and food intake in 4-5 year olds during specially prepared school lunches. Based on the 
findings of Study 3A, I predicted that higher scores would be negatively related to 
consumption of fruit, vegetables and foods of animal origin but unrelated to intake of 
starchy or snack foods.
4.6.3. Ethical approval
Ethical approval for this study was granted by the UCL Committee on the Ethics of 
Non-NHS Human Research. A copy of the letter of confirmation can be found at 
Appendix 3.3.
8 A paper based on these findings has been published in the International Journal o f  Behavioral Nutrition 
and Physical Activity. Cooke, L, Camell, S & Wardle, J. Food neophobia and mealtime food consumption 
in 4-5 year old children (available at http//:www.ijbnpa.org/content/3/l/14). (Copy in Appendix 3.2)
9 At my instigation, the CFNS was included in questionnaires sent home to parents. In conjunction with 
Susan Camell, I carried out all data collection and analysis.
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4.7 METHOD
4.7.1 Participants and procedure
Children aged 4 to 5 years old in five classes at four Outer London primary schools were 
recruited to a study of children’s eating behaviour. The demands of taking part in the 
present study were relatively high for school staff and it was therefore decided to recruit 
from schools with which particularly good working relationships had been established 
previously. Information sheets, consent forms and questionnaires were sent home to 
parents. Those who wished to participate completed consent forms and questionnaires 
and returned both to their child’s class teacher. The questionnaire included the six-item 
version of the Child Food Neophobia Scale (CFNS; Pliner, 1994) used in the previous 
studies (Studies 2 and 3A). Cronbach’s alpha for this scale was 0.92 in this sample.
Children’s food intake was recorded over 3 ‘test’ lunchtime meals at school at weekly 
intervals. The study was part of a three-day repeated measures study of intake 
regulation, so on two out of the three days (Days 2 and 3), children were given a 200ml 
orange squash drink prior to lunch. On one day this squash contained 5kcal and on the 
other day the squash contained 174kcal; drink conditions were counter-balanced across 
days. On Day 1 children received no preload drink, forming a control condition. 
Children participated in all conditions providing they were present on the day in 
question. Actions taken to account for the preload design are described in the Results 
section.
The test meal comprised weighed portions of chicken slices, cheese, bread roll with 
margarine, cheese crackers, chocolate biscuits, grapes and tomatoes or carrot sticks, 
served cold and presented to each child in an individual compartmented container. 
Tomatoes had been planned for all meals, but in the first class visited, a large number of 
children reported disliking tomatoes, so children in the remaining 4 classes were given 
sticks of raw carrot instead. To maintain consistency, children in the first class were 
given tomatoes at all subsequent meals. Children were not required to ‘clean their 
plates, but were told to eat as much or as little of the meal as they wished.
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Extra pre-weighed portions of bread rolls were offered when children had finished their 
original servings and unlimited water was provided. Children were observed throughout 
the meals in order to ensure that food was not shared. Children raised their hand to 
indicate when they had finished their meal and containers were then collected by 
researchers and sealed. Foods were subsequently weighed to establish intake in grammes 
of each food type. Energy content (kcal) of processed foods (chicken slices, cheese 
slices, cheese crackers, and chocolate biscuits) was calculated using manufacturers’ 
information. McCance and Widdowson’s ‘The Composition of Foods’ (Food Standards 
Agency, 2002) was used to calculate energy content of the remaining foods (bread, 
grapes, tomatoes and carrots).
4.8 RESULTS
4.8.1 Response rate and participant characteristics
Of the 149 children eligible to take part in the study, 120 were present on at least one of 
the three days of the study. Questionnaires were returned by 90.8% (109/120) of the 
participating children’s parents and data from this group are used here to analyse the 
relationship between neophobia and food intake.
Among the participating children for whom questionnaire data were available (n=109), 
50.5% were male and 49.5% female, and the mean age was 5.0 years (s.d. 0.39). 
Characteristics of parents who completed questionnaires (n=109) are presented in Table
4.3. Almost all were mothers and most were reasonably affluent, well-educated, white 
homeowners.
4.8.2 Child food neophobia
Children’s mean score on the CFNS was 15.67 (s.d. 4.24). Boys scored higher than girls 
(boys: 16.12, s.d. 4.59; girls: 15. 20, s.d. 3.82) but this difference was not statistically 
significant (t (108) = 1.16, p = .25). Neophobia did not vary according to child age (r= - 
.03, p = .76), or SES as indexed by parental education level (F(3,104) = 0.70, p = .55), or 
annual household income (r = -.13, p = .24). There were also no differences in
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neophobia between white children and those from other ethnic groups (t(108) = -1.15, p 
= .25).
Table 4.3: Parent characteristics (n=109)
n %
Gender
Male 3 2.8
Female 106 97.2
Education
None 1 0.9
GCSE or equivalent 21 28.4
A level or equivalent 13 11.9
National diploma 14 12.8
Degree level or higher 45 41.3
Other 3 2.8
Missing 2 1.8
Ethnicity
White Caucasian 84 77.0
Asian 11 10.1
Affo-Caribbean 11 10.1
Other 3 2.8
Home ownership
Own home/buying 95 87.2
Renting 10 9.2
Other 3 2.7
Missing 1 0.9
Annual household income
< £30,000. 24 22.0
£30,000 - £59,999 36 33.0
>£60,000 17 15.6
Missing 32 29.4
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4.8.3 Food intake
Average meal intake of individual items was calculated by weighing them before and 
after the meal. Where data were missing for one or more days, means were based on the 
remaining days. In the majority of cases (73.4%), no data were missing; 23 cases 
(21.1%) had one day missing and 6 cases (5.5%) had two days of data missing. The 
magnitude of the associations in the main correlational analyses were unchanged 
when incomplete cases were excluded so analyses with the full sample were used to 
increase power and are reported here.
Table 4.4 gives means and standard deviations (in grammes and kilocalories) for 
individual food items and total calories offered and consumed. Means for tomatoes and 
carrots are based on reduced numbers because tomatoes were offered only in one school 
class. Means for chicken and cheese exclude data from four vegetarians who were given 
two portions of cheese, but no chicken.
Individual food items were combined into four groups reflecting their role in a balanced 
diet: Fruits and vegetables (grapes and carrots/tomatoes), Protein foods (chicken and 
cheese), Starch (bread rolls) and Snack foods (chocolate biscuits and cheese biscuits). 
Consumption of foods consumed within categories was calculated. Distributions of 
intake of several individual items and food groups were slightly skewed, but repeating 
the analyses either using non-parametric tests or with log transformed variables made no 
difference to the findings. The results of parametric analyses are therefore reported here 
for consistency with the descriptive data.
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Table 4.4: Descriptive statistics for food items offered and consumed over three test 
days (n=109)
Food item Mean g 
offered (s.d.) 
range
Mean kcal 
offered (s.d.) 
range
Mean g 
consumed (s.d.) 
range
Mean kcal 
consumed (s.d.) 
range
Tomatoes1 99.8 (4.62) 18.0 (0.83) 5.5 (13.84) 1.0 (2.49)
87.1 -105.1 15.7-18.9 0 -5 1 .8 0 -9 .3
Carrots2 54.2 (0.91) 19.0 (0.32) 9.3 (12.98) 3.3 (4.54)
52.0 -  56.6 18.2 -19 .8 0-54.51 0-19 .1
Grapes 98.7 (3.19) 63.7 (2.06) 30.8 (32.05) 19.9 (20.66)
93.0-110.1 60.0-71.0 0-105.2 0 -6 7 .8
Bread rolls 53.6 (5.13) 143.6 (13.74) 27.4(18.40) 13 A  (49.30)
44.1 -  73.5 118.1-197.0 0.3 -  73.5 0.9-197.0
Mini cheese 36.2 (2.78) 191.6(14.72) 14.5(11.31) 76.6 (59.81)
biscuits 33.5-48.6 177.4-257.0 0-36 .3 0-192.2
Mini chocolate 50.5 (2.08) 260.4 (10.75) 33.7 (15.00) 179.0 (82.49)
biscuits 35.6-53.1 183.5 (274.0) 0 -52 .4 0-270 .4
Chicken3 63.6 (3.43) 74.4 (4.01) 23.9 (19.88) 27.9 (23.26)
42.0-72.7 49.1-85.1 0.5-76.5 0.5-76.5
Cheese3 48.4 (2.54) 198.5 (10.42) 16.3 (15.30) 66.8 (62.73)
43.3-64.1 177.4 -  262.9 0 -5 2 .6 0-215 .7
Total 410.5 (21.89) 954.5 (33.79) 155.3 (63.88) 442.8 (158.37)
i_ .
368.1-475.4 852.8-1085.4 55.4 -  396.0 62.5 -  925.8
n=14, n=95, n=105 (excluding 4 vegetarians, who were offered an extra portion of cheese to 
replace their portion of chicken)
Independent t tests were used to examine gender differences. Boys’ intake of chocolate 
biscuits was significantly greater than that of girls’ (t(107)= 3.46, p<0.01), but no other 
gender differences were observed. Further analyses were therefore carried out on the 
whole sample.
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4.8.4 Relationship between neophobia and food consumption
Pearson product moment correlations were calculated to examine the relationship 
between scores on the CFNS and consumption (in grams) of each of the four food 
categories and total kilocalories consumed (see Table 4.5). Adjusting for child age, SES 
variables and ethnicity made no difference to results.
Table 4.5: Correlations between scores on the Child Food Neophobia Scale (CFNS) 
and consumption of food during school lunches, grouped by type
Intake Correlation with CFNS score
Fruit & vegetables:
Grapes and tomatoes/carrots (g) -0.27**
Protein foods:
Chicken and cheese (g) -0.34**
Snack foods:
Chocolate & cheese biscuits (g) 0.04
Starch:
Bread rolls (g) -0.13
Total calories -0.23*
**p<0.01, *p<0.05
Neophobia was associated with significantly lower consumption of grapes and 
tomatoes/carrots and of chicken and cheese. In addition, children who were more 
neophobic consumed fewer calories overall. Neophobia was not significantly related to 
intake of bread rolls or snacks. In order to check whether differences in intake patterns 
simply reflected the fact that neophobic children consumed less calories overall, I re­
calculated correlations between neophobia and each food group controlling for overall 
intake. The inverse correlations between neophobia and both ‘fruit and vegetables’ and
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protein foods were slightly reduced but remained significant. The small positive 
correlation between snack intake and neophobia increased slightly, but still did not reach 
statistical significance. I therefore report only the unadjusted analyses.
To test for any effects of the preload, the correlational analyses were re-run in a number 
of ways. First separate correlations using data from each day of the study were used, 
controlling for preload energy intake in the case of Days 2 and 3. To increase power, 
cases were combined by condition, such that separate correlations were conducted first 
for all children participating in the low energy preload condition on Day 2 or 3, then for 
all children participating in the high-energy preload condition on Day 2 or 3. Re­
conducting the analyses in each of these ways made no difference to the pattern of 
results.
In order to examine differences in intake between children who were more or less 
neophobic, participants were divided at the median CFNS score (15) and mean 
consumption compared between low and high neophobia groups using independent t 
tests. The pattern of results was the same as for the correlational analyses, with the high 
neophobia group consuming less fruit and vegetables, protein and total calories than the 
low neophobia group (see Table 4.6).
Table 4.6: Mean (s.d.) intake of foods from 4 groups and total kilocalories 
consumed, by neophobia status
High neophobia (n=52) Low neophobia (n=57)
Fruit & vegetables (g) 30.81 (30.21)* 47.34 (38.96)*
Protein (g) 29.59 (23.54)** 47.66 (27.67)**
Starch (g) 29.87 (18.06) 24.65 (18.55)
Snacks(g) 48.32 (21.12) 49.72 (20.57)
Total energy (kcal) 405.33 (149.98)* 477.02 (159.34)*
Significance of difference: * p < 0.05, **p < 0.005
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Although my principal interest was in the impact of neophobia on consumption of food 
types, the analyses were re-run in order to compare intake of individual foods between 
more and less neophobic children (see Table 4.7). Results were broadly similar except 
that differences between groups in consumption of grapes and tomatoes were not 
significant. It may be that I lacked power to detect significant differences since it is clear 
from the means that neophobic children ate less of both.
Table 4.7 Mean (s.d.) intake of individual food items by neophobia status
Food item (g) High neophobia (n=52) Low neophobia (n=57)
Carrots 5.94 (8.60)* 12.31 (15.40)*
Tomatoes 0.91 (2.39) 10.02(18.99)
Grapes 27.16 (30.43) 34.11 (33.38)
Chicken 17.32 (17.60)** 28.90 (20.17)**
Cheese 13.63 (15.03)* 19.66 (15.59)*
Bread rolls 66.05 (49.70) 80.05 (48.41)
Chocolate biscuits 33.13(16.62) 34.25 (15.51)
Cheese biscuits 13.80(11.61) 15.09(11.09)
Significance of difference * P<0.05, **p <0.005
4.9 DISCUSSION
These results support the findings of the previous study (Study 3A) which suggested that 
neophobia impacts differentially on consumption of different foods. Specifically, 
children who scored highly on the Child Food Neophobia Scale ate less of foods in fruit, 
vegetable and protein categories in test lunches as well as consuming fewer calories in 
total. This suggests that neophobic children may have less healthy diets overall than 
their less neophobic peers. These findings extend previous research by using direct 
observation of children’s intake rather than relying on parent report.
These findings are consistent with an evolutionary explanation for the trait of neophobia 
as a protective mechanism against the possibility of accidental poisoning (Cashdan, 
1998) as discussed with reference to the findings of Study 3A. However, whilst 
avoidance of unfamiliar animal and vegetable foods is explicable in these terms, 
avoidance of familiar foods is less so, the latter being more characteristic of ‘pickiness’ 
than neophobia. In all likelihood, children in this study had previously encountered the 
categories of foods presented to them since all are commonly eaten and enjoyed by
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British children, although it is possible that they were unfamiliar with the particular 
variety of some or all of the foods offered.
These findings may indicate that, notwithstanding the findings of Galloway and 
colleagues (Galloway et al, 2003), neophobia and pickiness may be closely linked 
constructs and that the tendency to reject novel foods goes hand in hand with the 
tendency to reject less palatable, familiar foods. In the development of the Children’s 
Eating Behaviour Questionnaire (CEBQ; Wardle et al, 2001a), Wardle and colleagues 
found that “food fussiness” emerged as a factor from Principal Components Analysis. 
Items loading on this factor included “picky” items such as “My child enjoys a wide 
variety of foods” as well as “neophobia” items such as “My child enjoys tasting new 
foods” (both reverse scored) supporting this idea. It is also worth noting that despite 
achieving a Cronbach’s alpha of 0.92 in this sample, the six item CFNS includes two 
items which would appear to measure ‘picky’, rather than neophobic behaviours: “ My 
child is very particular about the foods he/she will eat” and “My child will eat almost 
anything” (reverse scored). Since research to date has failed to make the 
unfamiliar/familiar distinction when examining the relationship between neophobia and 
food intake, I cannot be sure that reported associations are not the result of confounding 
between neophobia and pickiness. Future research should examine the independent 
impact of neophobia and pickiness, if any, on willingness to try both familiar and 
unfamiliar foods in all major food groups, a task that would be facilitated by a more 
comprehensive measure of selective eating behaviours.
The finding of an inverse relationship between overall energy intake and neophobia 
requires discussion. It would appear that although neophobic children may have less 
healthy diets than their more neophilic peers in terms of the quantity of fruit and 
vegetables consumed, they do not compensate for their lower intake by eating more of 
foods in other categories; in this study, bread and snacks. These findings suggest that 
neophobia may be associated with lower risk of obesity, although I was unable to 
explore this possibility in the present study because of the sample size which was not 
large enough to provide the statistical power to detect what would likely be a small
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effect10. The relationship between neophobia and adiposity in childhood warrants further 
investigation.
I acknowledge a number of limitations to the present study. Although the setting for the 
study was “natural” in the sense that the meals took place in schools at the usual time, 
children ate in their classrooms rather than in school dining rooms for the study period 
and the foods provided were not those typically served as part of school meals, although 
they were similar to packed lunches brought from home (Ludvigsen & Sharma, 2004).
In addition, because this was part of a larger study of children’s eating, children were 
aware of being observed by the researchers. Thus ‘test’ meals differed somewhat in 
content, procedure and atmosphere from normal school meals. Perhaps most 
importantly, lunches were preceded by low or high-energy fruit flavoured soft drinks as 
part of a caloric compensation experiment. Nevertheless, there is no strong reason to 
hypothesize that relative consumption of different food types would be affected by this 
manipulation. Birch and colleagues (Birch et al, 1993) found no evidence for 
macronutrient-specific compensation in preschool aged children and the orange flavour 
drink used in the present study did not resemble any of the foods provided in the lunch, 
making any sensory-specific satiety effects unlikely. Finally, it would be helpful in 
future studies to include a measure of children’s familiarity with and liking for the foods 
offered (as in Study 3A where I included a measure of parental consumption as a partial 
proxy for children’s exposure). This would permit us to evaluate whether differences in 
food intake observed are a product of simple preference rather than of neophobia.
4.9.1 General conclusions (Studies 3A and 3B)
Whether in isolation or as part of a wider pattern of picky eating, the results of these two 
studies suggest that neophobia is associated with less healthy food choices in children, in 
particular with low intake of fruit and vegetables. It appears that children's food 
preferences may still be shaped by evolutionary adaptations that have ceased to be
10 There was no significant difference in BMI between neophobic and non-neophobic children in this 
sample.
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entirely appropriate in the current food environment and may work against parents’ 
attempts to improve their children’s eating patterns. This has important implications not 
only for healthy eating, but also for childhood overweight and obesity which have been 
associated with consumption of high fat, energy dense foods and lower consumption of 
fruit and vegetables (Field et al, 2003). Attempts to increase intake of fruit, vegetables 
and protein might usefully incorporate strategies known to reduce the neophobic 
response, particularly modeling and taste exposure (Birch, 1980a; Birch & Marlin, 1982; 
Wardle et al, 2003a; Wardle et al, 2003b).
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CHAPTER 5:
STUDY 4: THE HERITABILITY OF FOOD NEOPHOBIA11 
5.1 INTRODUCTION
5.1.1 Rationale
Findings of Studies 2 (Chapter 3) and 3A and 3B (Chapter 4) suggest that neophobia has 
a powerful influence on children’s food choices, especially with regard to their 
consumption of fruit and vegetables. However, the origins of the wide individual 
differences in neophobia remain unclear. The design of novel interventions to modify 
children’s neophobic responses to foods would be assisted by a better understanding of 
the relative contribution of genes and environment to these individual differences in its 
development.
5.1.2 Genetic influences on food choice and eating behaviour
One reason why we might expect to find a genetic component to eating behaviour 
(Rozin & Millman, 1987) is that genes are implicated in factors that are likely to be 
predictive of food choice: for example, taste sensitivity (see Introduction Section 1.2.1.
‘Genetic influences’), ability to metabolise nutrients (e.g. lactose; Johnson et al, 1974), 
and personality (e.g. sensation seeking; Zuckerman, 1979). Investigations of familial 
resemblance in a number of food-related behaviours have concluded that, albeit to a 
varying extent, genes do have an influence on a variety of food-related behaviours 
including food preferences (e.g. Birch, 1980b; Breen et al, 2006; Logue et al, 1988; 
Pliner & Pelchat, 1986), eating patterns (Nelson et al, 2006; van den Bree et al, 1999) 
general food attitudes, such as disgust or desire for variety (Rozin & Millman, 1987), 
hunger, disinhibition and restraint (de Castro, 1999; de Castro & Lilenfield, 2005; 
Provencher et al, 2005; Steinle et al, 2002; Tholin et al, 2005) and meal size and 
frequency (de Castro, 2000; de Castro & Plunkett, 2002) as well as BMI in adults
11 The TEDS study is a longitudinal survey of twins bom between 1994 and 1996. Data is collected and 
entered by a team of researchers at the Institute of Psychiatry at Kings College London and the CR-UK 
Health Behaviour Unit at UCL. At my request, four questions from the CFNS were included in the 
questionnaire from the most recent wave of the study. The research question was of my instigation and the 
analyses carried out with the assistance of statisticians at the IoP.
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(Maes, Neale & Eaves, 1997) and weight and overweight in children (Koeppen- 
Schomeruis, Wardle & Plomin, 2001).
5.1.3 Family resemblances in neophobia
A number of studies have examined parent-child or sibling-sibling correlations in 
neophobia. Correlations between parents and children or between siblings are generally 
found to be only moderate in magnitude, typically around the 0.3 level (Falciglia et al, 
2004; Galloway et al, 2003; Koivisto & Sjoden, 1997; Koivisto & Sjoden, 1996; Pliner, 
1994; Pliner & Loewen, 1997) leading researchers to conclude that environmental 
factors are of primary importance. However, the example of body mass index (BMI) 
demonstrates the flaw in this argument. Despite heritability accounting for up to 70% of 
the variance in an individual’s BMI, parent-child correlations are typically around the 
0.2-0.3 level (see Maes et al, 1997 for a review). There are two principal reasons for this 
apparent inconsistency. Firstly, there is a large age difference between parents and 
children and since BMI tends to increase across the lifespan, differences will be 
exaggerated. Secondly, and crucially, parents and children share only half of their genes 
on average. The typical reduction in neophobia occurring from childhood to adulthood 
(Birch et al, 1987; Cashdan, 1994,1998; Koivisto & Sjoden, 1996, 1997; McFarlane & 
Pliner, 1997; Pelchat & Pliner, 1995; Pliner & Loewen, 1997) may therefore have led to 
an underestimate of the heritability of this trait.
Twin studies provide a unique opportunity to estimate the relative contribution of genes 
and environment to phenotypic differences. Monozygotic (MZ) twins share all their 
genes whereas dizygotic (DZ) twins share, on average, half their segregating genes. By 
comparing correlations between MZ pairs and DZ pairs we can get an estimate of the 
contribution of three factors to a given behaviour: genes, shared environment and non­
shared environment. Shared environment is defined as common environmental factors 
that are responsible for similarities between family members, e.g. the variety of fruit or 
snacks available in the home might promote similarity in consumption. Non-shared 
environment refers to factors that contribute to differences between family members, 
e.g. differential interactions with family members, experiences outside the home etc.
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To date, only one study has attempted to examine familial resemblance in neophobic 
behaviours in a twin sample. Plomin and Rowe (1977) found no difference in the 
correlations between scores for ninety-one MZ and ninety-one DZ twin pairs (r=0.43 
and r=49, respectively) in scores on the “Reaction to food” subscale of the Colorado 
Childhood Temperament Inventory (CCTI; Rowe & Plomin, 1977), two items of which 
measure reactions to unfamiliar foods. Further investigation is warranted on a number 
of grounds. Firstly, the number of twins of each type (MZ, DZ same-sex and DZ 
opposite-sex) was too small and the age range too wide, to do more than indicate a 
possibility that genetic factors play a large role. In addition, the reliable and validated 
Child Food Neophobia Scale (CFNS; Pliner, 1994) has not been administered in a twin 
sample and thus conclusions as to its heritability (or lack of it) may be premature.
5.1.4 The current study
The current study used data from a large sample of monozygotic and dizygotic twins to 
examine the relative contribution of genes and environment to variation in child food 
neophobia. On the basis of previous research, I predicted that genes would account for a 
substantial proportion of the variance in children’s food neophobia.
5.1.5. Ethical approval
Ethical approval for the study was granted by the UCL Committee for the Ethics of non- 
NHS Human Research. A copy of the letter can be found at Appendix 4.1.
5.2 METHOD
5.2.1 Participants
The sample for this study was derived from the Twins Early Development Study 
(TEDS), a study of twins bom between 1994 and 1996 (Trouton et al, 2002) which has 
been shown to be reasonably representative of UK families with children in terms of 
parental education and occupation (Dale et al, 1998). Zygosity had been established 
using a measure of physical similarity which has been found to be over 95% accurate 
compared with DNA testing (Price et al, 2000). Where data were missing or unclear
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DNA testing was conducted. Since this was a secondary analysis of the data, I am not 
presenting a power calculation in this thesis.
5.2.2 Procedure
Families from the TEDS cohort were invited to take part in an eating behaviour survey 
Questionnaires were mailed to parents who completed them at home in their own time 
and returned them using Freepost return envelopes supplied. If completed questionnaires 
were not returned after 2 months, families received a reminder and a final reminder after 
a further 2 months.
5.2.3 Measures
Included in the comprehensive questionnaire assessing child feeding practices and child 
eating behaviour, was a four-item version of the Child Food Neophobia Scale (Pliner, 
1994). Items included were those most characteristic of neophobia: “My child is 
constantly sampling new and different foods” (reversed), “My child doesn’t trust new 
foods”, “My child is afraid to eat things s/he has never had before” and “If my child 
doesn’t know what’s in a food s/he won’t try it”. The scale was scored on a 4-point 
scale from ‘strongly disagree’ to ‘strongly agree’. The higher the score, the higher the 
level of neophobia. Cronbach’s alpha for this shortened version of the scale was 0.88 in 
this sample.
5.2.4 Statistical analyses
Neophobia scores were standardised to a mean of zero and a standard deviation of 1. 
Because twin covariances can be inflated by variance due to age or sex, all scores were 
residualised for age and sex effects (see McGue & Bouchard, 1984). Main effects of sex 
and zygosity and any potential interaction effects were examined using a 2 x 2 (sex by 
zygosity) ANOVA. Intraclass correlations for neophobia were compared between MZ 
and DZ twin pairs. Doubling the difference between correlation for MZ pairs and DZ 
pairs provides a rough estimate of genetic and environmental influences on this trait 
because MZ twins are twice as similar genetically as DZ twins. In order to achieve more 
accurate estimates of genetic and environmental parameters and to provide confidence
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intervals for these, structural equation model-fitting analyses were carried out using Mx 
software (Neale et al, 2003). A sibling interaction model was fitted, a path diagram of 
which is presented in Figure 5.1. This model provides parameters for additive genetic 
variance (A), common or shared environment (C), and environmental influences that are 
not shared plus measurement error (E). With the addition of an interaction term(s) it 
permits modeling of direct effects that twins may have on each other. Thus each twin’s 
phenotype is a function of additive genetic factors, shared and non-shared environmental 
factors and the co-twin’s phenotype.
Figure 5.1: Path diagram of a sibling interaction model
MZ = 1.0; DZ = 0.5
In this model the genetic correlations were fixed at 1.0 for MZ twins since they share all 
their additive genetic variance and 0.5 for DZ twins who share only half their genes on 
average. Shared environment is assumed to be the same for MZ and DZ twin pairs and
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thus correlations were fixed at 1.0 for both. Non-shared environment is not shared within 
pairs of twins. The full model (Model I) provides estimates for a total of seven 
parameters: A, C and E for males (am, am, em) and for females (ay, c/, ef) and an estimate 
of the interaction (s). Nested models were then fitted to test for quantitative sex 
differences and for the significance of interaction parameters. The relative fit of each 
alternative model is determined by the difference in chi-square between the models. The 
lowest Chi-square statistic indicates the best fitting model. The first nested model 
(Model II) provided estimates for A, C and E for males and females separately, but did 
not include the interaction parameter (5). The second nested model (Model III) tested for 
differences between sexes for A, C, and E parameters and included the interaction term, 
providing estimates for a, c, and e (for both sexes combined) and for s. When path 
coefficients (a, c, e) have been standardised, the percent variance explained by a latent 
variable is the square of the path coefficient (a2, c2, e2).
5.3 RESULTS
5.3.1 Response rate and participant characteristics
Of the 12,212 original families in the TEDS study, 9022 were still ‘active participants’ 
at the time of data collection for this study. Of these, 5685 returned completed 
questionnaires (63%). Excluded from the analyses were families in which at least one 
twin had a specific medical condition or was an extreme outlier for perinatal problems 
(e.g. very low birth weight) or for whom zygosity information was unavailable.
Extreme outliers for eating behaviour were also excluded (those scoring more than 3 
standard deviations above or below the mean on any eating behaviour scale). After all 
exclusions, the final sample comprised 5406 pairs of twins: 1928 monozygotic (n=899 
male, n=1029 female) and 3478 dizygotic pairs (n=880 male, n=903 female, n=1695 
opposite-sex). Mean age of twins was 9.91 years (range 8.32-11.61).
5.3.2 Effects of sex and zygosity on CFNS scores
Means and standard deviations of standardised neophobia scores, together with the 
results of a 2x2 ANOVA are presented in Table 5.1. There were small significant 
effects of both zygosity and sex (p=0.010 and p=0.002 respectively), with MZ twins and
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girls having lower neophobia scores than DZ twins or boys. There was no significant 
interaction between sex and zygosity.
Table 5.1: Standardised means (s.d.) of CFNS scores by zygosity and sex with 
results of ANOVA
Zygosity Sex ANOVA
All MZ DZ Female Male Zygosity Sex Zygosity
n=10859 n=3859 n=7000 n=5586 n=5273 *sex
-0.00 -0.04 0.01 -0.04 0.03 ii o © © p=0.002 p=0.298
(1.00) (0.98) (1.01) (0.98) (1.02)
Note. Each score was adjusted for age and standardized on the basis of the whole sample before exclusions 
specific to this study (but after medical exclusions). For this reason, the standardized means shown all 
slightly exceed 0.00.
5.3.3 Genetic analyses of individual differences
Intraclass correlations for neophobia scores for all twin types and both sexes separately 
are shown in Table 5.2. Doubling the difference between correlation for MZ pairs and 
DZ pairs provides a rough estimate of genetic and environmental influences of 82% and 
18% respectively on this trait suggesting that neophobia is highly heritable. The large 
differences between DZ and MZ correlations suggest the presence of contrast effects 
(greater than expected differences between DZ twins), assimilation effects (greater than 
expected similarities between MZ twins) or non-additive genetic effects (the effects of 
the interaction of alleles or loci) (Saudino et al, 2000).
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Table 5.2: Intraclass correlations for CFNS scores for twin pairs (by zygosity and sex)
n r
Monozygotic (all) 1913 0.77
Monozygotic (male) 894 0.77
Monozygotic (female) 1019 0.76
Dizygotic (all) 3477 0.36
Dizygotic (same sex) 1784 0.38
Dizygotic (opposite sex) 1693 0.35
Dizygotic (male) 878 0.35
Dizygotic (female) 906 0.41
All significant at pcO.OOl
In fact, because DZ variance was also greater than MZ variance, contrast effects were 
most likely (Eaves, 1976). Together with assimilation effects, contrast effects are 
known as sibling interaction effects which are the result either of genuine interaction 
between twins’ phenotypes or rating biases that over-estimate differences between MZ 
and DZ twin correlations which in turn leads to overestimates of genetic influence. We 
therefore fitted a sibling interaction model (see section 5.2.4 for full details).
The full results of the model-fitting analyses are shown in Table 5.3. The best fitting 
model was the full model (Model I) which included an interaction parameter and 
permitted males and females to have different A, C and E estimates. The results indicate 
that there is a strong genetic component to neophobia. Heritability estimates (with 95% 
confidence intervals) were 0.62 (0.35 -  0.80) for boys and 0.47 (0.25 -  0.68) for girls. 
Estimates of shared environmental influence were 0.24 (0.02 -  0.57) for boys and 0.38 
(0.13 -  0.67) for girls. Non-shared environmental factors were 0.14 (0.08-0.19) for boys 
and 0.15 (0.08-0.20) for girls. The overlapping confidence intervals for the parameter 
estimates for boys and girls indicate that sex differences were not significant. The 
sibling interaction term was negative indicating a negative association between the 
ratings of co-twins (i.e. if one is rated higher, the other is rated lower on neophobia) 
indicative of contrast effects.
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Table 5.3: Individual differences sex limitation model fitting for neophobia scores: Model fit and parameter estimates 
(95% confidence intervals in parentheses)
Males Females
X \d f ) P
_2a m c2m e2m a2f c2f e2f s2
Model I 27822.340 - 0.62 0.24 0.14 0.47 0.38 0.15 -0.14
(10767) (0.35-0.80) (0.02-0.57) (0.08-0.19) (0.25-0.68) (0.13-0.67) (0.08-0.20) (-0.30- -0.04)
Model II 27836.485 0.000 0.78 0.00 0.22 0.71 0.06 0.23 -
(10768) (0.74-0.80) (0.00-0.03) (0.20-0.24) (0.62-0.78) (0.00-0.15) (0.21-0.25)
a2 C2 €
Model III 27830.894 0.036 0.60 0.25 0.15 -0.12
(10770) (0.36-0.80) (0.00-0.55) (0.11-0.21) (-0.26- -0.02)
a c m, e m =  additive genetic, shared environmental and non-shared environmental estimates for males; a f, c f, e f = 
additive genetic, shared environmental and non-shared environmental estimates for females; s2 -  sibling interaction term.
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5.4 DISCUSSION
To my knowledge the present study is the first to examine the relative influences of 
genetic and environmental factors on food neophobia. The results are consistent with the 
published literature which has found parent-child and sibling-sibling correlations in food 
neophobia of the magnitude of around 0.3 (Falciglia et al, 2004; Galloway et al, 2003; 
Koivisto & Sjoden, 1997; Koivisto & Sjoden, 1996; Pliner, 1994; Pliner & Loewen, 
1997). Intraclass correlations between similarly related DZ pairs in this sample were 
slightly higher, but this is to be expected given that twins are exactly the same age as 
each other. Correlations between MZ twins were far greater indicating a strong heritable 
component in contrast to the findings of Plomin and Rowe (1977) who found no 
evidence of a heritable component to ‘negative reactions to food’.
The results of model-fitting analyses are broadly similar to those of the intraclass 
correlations, and revealed some (non-significant) sex differences. The variance in 
neophobia scores explained by genetic factors was 62% for boys and 47% for girls and 
shared environmental factors accounted for a further 24% of variance in boys and 38% 
in girls. Non-shared environmental factors accounted for similar amounts of variance in 
both boys and girls (14% and 15% respectively). These findings suggest that neophobia 
might be more heritable in boys, but more strongly influenced by shared environmental 
factors in girls, although differences were not statistically significant.
High heritability of neophobia is consistent with assertion that the tendency to avoid new 
and unfamiliar foods is a genetic predisposition (Birch, 1998). These findings, together 
with the results of investigations of genetic influences on other aspects of eating 
behaviour, (e.g. Breen, et al, 2006; de Castro & Lilenfield, 2005; Nelson et al, 2006; 
Provencher et al, 2005; Rozin & Millman, 1987) suggest that an individual child’s eating 
patterns are heritable to some extent and might therefore be problematic to modify. 
Nevertheless, parents can be reassured that neophobia does not represent a permanent 
dislike of new foods, but a transitory one that is modifiable through experience. In 
support, over half the variance in neophobia in girls and over a third in boys) was 
explained by environmental factors, shared and non-shared. Estimates of non-shared
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environmental effects were lower than shared environmental effects, which suggests 
that, at least for children of this age group, most important experiences with food occur 
in the home setting. As children mature and spend more time eating away from home, 
we might expect to see the contribution of non-shared environmental factors increase.
Although the twin method has been described as the “perfect natural experiment”
(Martin et al, 1997), it is not without its detractors (see Bouchard & McGue, 2003 for a 
summary of the most frequent criticisms). For example, it has been claimed that the 
experience of growing up as a twin is so completely different from that of a singleton 
that findings based on twin samples cannot be generalised to the population as a whole. 
However, an investigation of the personality of twins revealed few differences between 
MZ and DZ pairs, nor between twins and singletons (Johnson et al, 2002).
Other critics have challenged the “equal environments assumption” (EEA) which holds 
that the greater phenotypic similarity observed in MZ compared with DZ twins is due to 
genetic factors, and not to differences in environmental similarity. Since MZ twins 
typically share the same rooms, the same friends, the same teachers and dress more alike 
than DZ twins (Loehlin & Nichols, 1976) it seems reasonable to question whether 
environmental influences are shared to the same extent. There are a number of means 
by which violations of the EEA can be detected, including comparisons of correlations 
between MZ twins reared together and MZ twins reared apart. An alternative is to 
examine whether within zygosity groups, differences in environmental experiences (e.g. 
treatment by parents, physical similarity or frequency of contact as adults) are reflected 
in differences in phenotypic traits. Findings of such studies have provided support for 
the validity of the EEA in twin studies of psychiatric disorders (Hettema et al, 1995; 
Kendler et al, 1993), sexual orientation (Kendler et al, 2000), mental ability, personality 
traits (Loehlin & Nichols, 1976), and eating attitudes and behaviours (Klump et al, 
2000). However, I cannot entirely rule out the possibility that a violation of the EEA 
may have inflated heritability estimates in the present study since a lack of the necessary 
data prevented me from explicitly testing it. Since complete experimental control is not
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possible, the twin study remains an extremely useful research design in spite of these 
limitations.
A major strength of the present study is the large sample size of over 5000 twin pairs, 
giving ample power to detect even small genetic and environmental effects, although 
wide confidence intervals in parameter estimates again indicates that replication in other 
samples would be desirable.
One focus for future research is suggested by previous findings concerning the impact of 
PROP/PTC taster status on food preferences and intake (e.g. Drewnowski et al, 1999; 
Gayathri et al, 1997). In common with neophobic individuals, both adult and child 
PROP ‘tasters’ appear to dislike vegetables more, and to eat them less than non-tasters 
(Bell & Tepper, 2006; Dinehart et al, 2006; Drewnowski et al, 2000; Keller et al, 2002). 
The impact of PROP sensitivity on food preferences in children is under-explored, but 
some researchers have found lower acceptance of other bitter tasting, hot and pungently 
flavoured foods amongst adult ‘supertasters’ in particular (Drewnowski & Rock, 1995; 
Duffy & Bartoshuk, 2000; Glanville & Kaplan, 1965). Again these are similar findings 
to those we would expect from neophobic individuals, who when asked about their 
liking for ethnic foods in the full version of the Food Neophobia Scale (FNS; Pliner & 
Hobden, 1992) typically respond very negatively.
These findings suggest that there might be a relationship between taste sensitivity and 
neophobia. It is not unreasonable to speculate that heightened taste sensitivity might 
result in a reluctance to taste unfamiliar foods, but to date, no one has measured PROP 
sensitivity and food neophobia in the same sample, nor in children. What data are 
available do not provide a coherent picture. Ullrich and colleagues (Ullrich et al, 2004) 
characterised their sample of 232 healthy adults as more or less food adventurous on the 
basis of their response to the question: “How often do you try unfamiliar foods?”. 
Participants answering “never” or “rarely” were classified as “less food adventurous” 
and those responding “some of the time” or “most of the time” were “more food 
adventurous”. PROP taster status was also determined. In this study, similar proportions
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of PROP tasters and non-tasters were classified as food adventurous (79% and 81% 
respectively). The impact of food adventurousness on food preferences was different for 
tasters and non tasters, however. Adventurous tasters liked more foods overall and more 
foods per subgroup for condiments, alcoholic drinks, fruits and vegetables than did less 
adventurous tasters. In contrast, the degree of food adventurousness had little impact on 
the food preferences of non-tasters except for dark beer and bitter vegetables which were 
liked more by food adventurous non-tasters. This suggests that PROP tasters are no 
more likely to be neophobic than non-tasters, but that the impact of neophobia on the 
dietary variety of tasters may be more pronounced. On the other hand it may be that 
failing to sub-divide ‘tasters’ into those with medium and low PROP recognition 
thresholds, obscures the relationship between taste sensitivity and neophobia.
A study of relationships between PROP sensitivity and food preferences in Tunisian 
adults is suggestive of such a possibility (Pasquet et al, 2002). When compared with non 
tasters, PROP tasters as a group did not differ in terms of the number of food items that 
they were familiar with and had tried, but when divided into medium and low threshold 
tasters, the latter were familiar with significantly fewer foods that the other two groups 
combined. This is an important topic for future research.
A number of other topics for future research are suggested by the findings of this study.
It would be informative to be able to examine the relationship between neophobia and a 
number of other variables, particularly food preferences and weight status in a twin 
sample of this size. At the time of completing this thesis, however, the relevant data 
were not available12.
5.4.1 Conclusions
My aim was to utilise data from a large twin sample to provide a more accurate estimate 
of the heritability of child food neophobia than has previously been attempted. Model 
fitting analyses resulted in high heritability estimates for both boys and girls, but also
12 Preliminary analyses indicate that there is a modest negative relationship between BMI and CFNS 
scores in this sample. This will be explored in greater depth in future research.
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revealed that between a quarter and a third of the variance in neophobia is accounted for 
by (modifiable) shared environmental factors. These principally comprise aspects of the 
home environment, such as availability and accessibility of foods, and the child feeding 
techniques and mealtime practices used by parents. Parents can be reassured that their 
child’s reluctance to try new foods is not simply the result of poor feeding practices, but 
guidance in effective feeding techniques and in the modification of other influential 
environmental factors has the potential to minimise its negative effects.
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CHAPTER 6:
STUDY 5: INCREASING CHILDREN’S ACCEPTANCE OF VEGETABLES: A 
RANDOMISED TRIAL OF GUIDANCE TO PARENTS1314
6.1 INTRODUCTION
6.1.1 Rationale
Effective interventions to increase consumption of fruit and vegetables in preschoolers 
are scarce. An exposure-based approach might hold promise since its utility for reducing 
neophobia and increasing liking has been amply demonstrated albeit in unrealistic 
experimental settings (see section 6.1.3 of this chapter for a review of this evidence). It 
is now important to demonstrate its value in more naturalistic mealtime situations - i.e., 
served by parents in the home. Demonstrating that an exposure-based approach is 
effective when carried out by parents would enhance the utility of the findings for 
modifying children’s behaviour in the real world.
6.1.2 The case for a focus on vegetables
Despite evidence that fruit consumption and vegetable consumption may be determined 
by different factors, interventions have generally taken a ‘one size fits all’ approach, 
using the same strategies for increasing intake of both, and often using a composite 
measure of “FV” or “FJV”, thereby masking differences in the magnitude of effects 
upon the two food groups. Interventions that have examined effects on fruit and 
vegetables separately have typically found that increasing consumption of fruit is easier 
to achieve than of vegetables (e.g. Anderson et al, 2005; Baranowski et al, 2003; 
Blanchette & Brug, 2005; Blom-Hoffman et al, 2004; French & Stables, 2003; Nanney 
et al, 2005). Success may depend on using very different techniques for each. Since 
children generally like fruit, it may be that all that is required to produce increases in
13 A paper based on this study has been published: Wardle J, Cooke U , Gibson, EL, Sapochnik M, 
Sheiham A and Lawson M. (2003) “Increasing children’s acceptance of vegetables: a randomised trial of 
parent-led exposure.” Appetite, 40,155-162. A copy can be found in Appendix 5.1
14 The initial planning and design of this study was completed before my arrival at the HBU. As a result
of the early departure of two members of the research team, I took over the delivery of the intervention,
data collection, analyses and write-up.
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intake is to make it more available and accessible. Vegetables, on the other hand, are 
widely disliked and considerable efforts to increase preferences are likely to be 
necessary before any increase in consumption is possible. This presents a challenge 
which has not been addressed to date. As a consequence, the focus of this intervention 
is on increasing acceptance of vegetables only. A further argument for this emphasis has 
been made by Trudeau and colleagues (Trudeau et al, 1998) who point out that there is 
some evidence to suggest that the health-related benefits of eating plenty of vegetables 
may be greater than the benefits of high fruit intake, particularly in relation to cancer 
prevention (Willet & Trichopolous, 1996; Tavani & Vecchia, 1995; Steinmetz & Potter, 
1993; Hertog et al, 1996).
6.1.3 Evidence for the utility of exposure
An extensive literature indicates that with experience of repeated tasting or “exposure” 
(sometimes referred to as “mere exposure”), neophobia can be reduced, and dislikes 
transformed into likes. These findings are consistent with the ‘mere exposure’ 
hypothesis (Zajonc, 1968) which was based on observations of changes in affective 
reactions to novel visual, auditory and edible stimuli. The mechanism by which 
exposure increases acceptance is not entirely clear. If we were to consider neophobia to 
be a phobia in the clinical sense of the term, then the repeated experience with the 
phobic stimulus (eating the unfamiliar food) without aversive consequences (gastro­
intestinal illness) would be explained as leading to extinction of the phobic response 
(Pliner et al, 1993), a process of ‘learned safety’ (Kalat & Rozin 1973). An alternative 
explanation is that the foods offered have an acceptable taste and exposure simply 
provides the opportunity to find that out. However, as Rozin & Schiller (1980) point 
out, even initially unpalatable tastes (e.g. chilli pepper) become acceptable with 
increasing experience.
Surveys of food preferences have identified a link between early exposure to a food and 
subsequent food acceptance. In Study 2, parents’ recollections of early introduction to 
fruit and vegetables during weaning were associated with a higher frequency of 
consumption of these foods in 2-6 year olds. Similar findings came from a study in
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which mothers recalled when they had started to introduce solid foods to their child’s 
diet; early introduction of solid foods was associated with greater dietary variety 
throughout childhood (Cashdan, 1994). In another retrospective study, estimates of 
vegetable intake as a child were positively related to preferences, exposure and intake of 
vegetables as an adult among African American women, although relationships with 
fruit intake were not significant (Haire-Joshu et al, 2004). Retrospective data is subject 
to selective recall or simply to poor memory, but the results of prospective surveys have 
produced similar results. In the longitudinal ALSPAC study, early introduction to 
‘lumpy’ foods was related to a greater variety of family foods consumed at 15 months 
(Northstone et al, 2001). A further longitudinal study in the US, has reported that 
frequent exposure to a wide variety of fruits in the first two years of life predicted 
variety of fruits consumed by school-aged children (Skinner et al. 2002a), again 
emphasizing the importance of early experience. Likewise, a sample of 2-7 year-olds 
were more willing to sample new foods if they had been offered a greater diversity of 
foods (Pelchat & Pliner, 1986).
Evidence that exposure has a causal role comes from studies with animals as well as 
with humans. For example, Capretta et al (1975) found that rats exposed to a variety of 
novel flavours showed greater acceptance of another unfamiliar flavour than controls. 
Likewise laboratory-based studies have consistently demonstrated that preference for 
foods or flavours increases with repeated exposure and that this effect can be seen in 
adults (Pliner, 1982; Pliner et al, 1993) as well as children (Sullivan & Birch, 1990; 
Sullivan & Birch, 1994). Just as the strength of the neophobic response changes during 
development, the number of exposures required to alter preferences appear to differ 
according to age. Studies with infants suggest that only one exposure to the taste of a 
new food is enough to dramatically increase their intake and liking (Sullivan & Birch, 
1994) and that effects may even generalise to similar foods (Birch et al, 1998). In the 
latter study one feeding of the new food increased consumption from a mean of 30g at 
the first serving to 60g at the second and experience with one vegetable led to greater 
acceptance of another vegetable. These findings contrast with results from studies with 
older children and adults. Between five and ten exposures were required to increase two
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year-olds’ liking for novel fruits and cheeses (Birch et al, 1987; Birch & Marlin, 1982). 
Likewise, Sullivan and Birch (1990) found that 8 to 15 exposures were required to 
enhance 3-4 year-olds’ preferences for sweetened, salted or plain tofu, and experience 
with one version of the tofu did not lead to enhanced preference for any other version. 
Eight exposures to a sweetened orangeade were sufficient to increase 8-11 year olds’ 
preferences in one study (Liem & de Graaf, 2004), but in a further study of 7-9 and 10- 
12 year-olds, up to twenty exposures were given and increases in willingness to try other 
novel foods was only achieved among the older age group (Loewen & Pliner, 1999). 
Such a strategy may be counter-intuitive to mothers who typically offer a new food only 
a limited number of times before concluding that their child does not like it (Carruth et 
al. 2004; Carruth & Skinner 2000; Skinner et al, 2002a).
The data on the benefits of exposure are not entirely unequivocal, however, and some 
researchers have found that there are circumstances in which it is less effective. It has 
been suggested that exposure in a different modality to that in which changes in 
preference are being attempted, will be less effective. In a study comparing the effects 
of visual and taste exposure on taste preferences, Birch and colleagues found that while 
visual experience enhanced visual preference, taste exposure was required to increase 
taste preferences (Birch et al, 1987) which is consistent with the ‘learned safety’ 
hypothesis (Kalat & Rozin, 1973).
A further issue concerns the timing and duration of exposure. In a review of the 
literature on food likes and dislikes (Rozin & Vollmecke, 1986), the authors highlighted 
the danger of sensory-specific satiety and monotony when foods are presented 
repeatedly. These manifest as a decrease in total intake when fewer choices are offered 
or a reduction in liking for foods eaten, or tastes experienced, frequently and recently.
In adults, this reduction can even occur for highly liked foods, such as chocolate 
although ratings of relatively bland food such as bread and butter seem more resistant to 
change (Hetherington et al, 2002). It seems that children may also be susceptible to these 
effects. A recent study investigated breastfed infants’ acceptance of carrot-flavoured or 
plain cereal, measured after a week during which their mothers consumed carrot juice or
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water (Mennella & Beauchamp, 1999). Infants whose mothers had consumed the carrot 
juice ate less of the carrot flavoured cereal and spent less time feeding than did those 
whose mothers had drunk water. These findings are consistent with the same authors’ 
investigation of the impact of ingestion of garlic-flavoured milk on infants’ later feeding 
behaviour (Mennella & Beauchamp, 1993), but contrast sharply with findings of infants’ 
greater acceptance at weaning of flavours previously experienced via amniotic fluid or 
breast milk (Mennella et al, 2001). Perhaps in this case, exposure was too recent and too 
extensive since dramatic increases in consumption are usually achieved with very little 
exposure in this age group (Sullivan & Birch, 1994). An intriguing finding in Sullivan 
& Birch’s (1990) study may be relevant here. Significant increases in preference for the 
exposed food occurred following a one week delay after an initial eight exposures. 
Perhaps the maximum effect of exposure takes time to develop.
The results of some other studies suggest that characteristics of the exposed food or 
drink make preferences more or less modifiable through exposure. Although Liem and 
de Graaf (2004) reported increased preferences for sweetened orangeade after eight 
exposures, the same was not observed for orangeade with a sour taste, despite recent 
evidence that some children have a preference for extremely sour tastes (Liem & 
Mennella, 2003). Young adults in the same study did not change their preferences for 
either type of orangeade after exposure, suggesting that either 8 exposures are 
insufficient to alter adults’ responses or alternatively, extremely sweet or sour tastes are 
unmodifiably unpalatable to adults. Likewise Mattes (1994) found no effect of 10 
exposures on healthy adults’ pleasantness ratings of novel bitter foods, whereas liking 
for unfamiliar salty and sweet foods increased after the same number of exposures. In 
contrast, Stein and colleagues (Stein et al, 2003) observed a 51 % increase in hedonic 
ratings of a bitter beverage after only 7 days exposure. The authors suggested that 
procedural differences (in volume consumed and contextual setting) between the two 
studies might account for the differing results. They maintain that if exposure is 
provided under realistic conditions with participants consuming normal quantities, as 
was the case in their study, increases in hedonic rating for initially unpalatable 
substances can be achieved.
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A note of caution is sounded by studies of sensory-specific satiety and monotony 
Most researchers have used appealing foods such as fruit, juice or cheese in experiments 
investigating exposure effects. Where more unusual (and more widely disliked) foods 
such as dates (Birch,1979) or tripe, halvah and chutney (Peryam 1963) have been the 
target, results have not always been so positive. The latter study used adults as 
participants which may have influenced results, although previous research with adults 
has demonstrated an equally powerful effect of exposure as that found in children 
(Pliner, 1982).
Whilst often compelling, the results of many of these experimental studies have 
provided little insight into eating in the real world since almost all took place in 
laboratory situations and many used very small or unrepresentative samples. 
Nevertheless, the findings are of practical significance when thinking about the design of 
exposure-based interventions. For example, it appears that success will be more easily 
achieved if the target food is one that is relatively widely liked in the general population, 
if the number of exposures is appropriate to the age group of participants, and if actual 
tasting is involved.
6.1.4 The current study
This study was a randomized controlled trial of the effectiveness of an exposure-based 
intervention carried out by parents in the home, in increasing children’s liking for a 
moderately disliked, but widely accepted vegetable. This represents a more ecological 
approach to changing children’s eating habits than has previously been attempted. I 
predicted that children receiving ten or more taste exposures would show an increase in 
liking and consumption of a ‘target’ vegetable relative to either an information group or 
an untreated control group. The Information group was included to control for the 
possibility that in demonstrating the exposure technique, the researcher would 
emphasize the health benefits of fruit and vegetables.
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6.1.5 Ethical approval
Ethical approval for this study was granted by the Joint UCL/UCLH Committee for the 
Ethics of Human Research. A copy of the letter of confirmation can be found at 
Appendix 5.2.
6.2 METHOD
6.2.1 Participants
A power calculation was carried out on the basis of an anticipated effect size of roughly 
half that achieved in a previous exposure-based intervention study (Wardle et al, 2003a) 
since I expected some dilution of effect when mothers rather than researchers were 
carrying out the procedures. To achieve power of 80%, a sample size of 50 per group 
was required. Potential participants were 156 children (87 boys and 69 girls) and their 
principal caregiver, who had taken part in a larger study (n = 564) of predictors of 
children’s fruit and vegetable intake (Study 2) and had expressed an interest in 
participating in further research to modify their children’s acceptance of vegetables. 
Given that some drop-out from the study was inevitable, this was slightly less than an 
optimum number, but time constraints dictated that the study proceed regardless.
6.2.2 Design
This was a randomized controlled trial of taste exposure, compared with health 
education or no treatment control, on acceptance of a specified target vegetable. After a 
pre-intervention taste test of children’s preferences for six test vegetables, participants 
were randomly assigned to one of three experimental treatment groups: Exposure, 
Information, and Control. A target vegetable was selected on the basis of a moderately 
low ranking from the preference test. Hedonic ratings and intake were assessed before 
and after the treatment period.
6.2.3 Treatments
Exposure: Parents of children assigned to the Exposure group were asked to offer their 
child a taste of their target vegetable every day for 14 consecutive days. Suggestions to
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encourage tasting were offered (e.g. “Try a bit yourself and say ‘now I’ve done it, can 
you do it too?” or “Say they don’t have to eat it, just taste it”) and the importance of not 
offering a reward for consumption was stressed. A further motivational aspect of the 
intervention comprised a colourful ‘vegetable diary’ in which parents could record their 
experiences over the fortnight (see Appendix 5.3). Space was provided for children to 
record their liking for the vegetable after each tasting using small ‘face’ stickers 
signifying ‘like’, ‘okay’ and ‘dislike’. Although this intervention involved more than 
‘mere’ exposure, in the interests of brevity this group will be referred to as the Exposure 
group.
Information: The Information group were informed about the ‘5-a-day’ 
recommendations and given a leaflet and a poster with advice and suggestions for 
increasing children’s fruit and vegetable consumption (see Appendix 5.4 and 5.5). They 
were invited to ask questions about healthy eating and told that they would be given 
further advice at the second visit.
Control: The Control group were simply told that they would be visited again in two 
weeks after which they would be given advice about healthy eating in children.
6.2.4 Measures
Rated liking for all vegetables
Children’s liking for the six test vegetables was assessed using a 3-point ‘faces’ scale 
(Birch & Sullivan, 1991; Guthrie et al, 2000). This comprised three laminated cards 
showing a smiling face signifying ‘I like it’ or ‘Yummy’, a neutral face signifying ‘It’s 
okay’, and a grimacing face signifying ‘I don’t like it’ or “Yucky”. For analytic purposes 
the categories were assigned scores of 1, 0 and -1 respectively.
A copy of this faces scale can be found in Appendix 5.6.
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Ranking of all vegetables
Across categories (like, neutral, dislike), children’s preferences were assessed using 
forced choice elimination ranking from 1 (most liked) to 6 (least liked). The reliability 
of such measures of preference in children has been previously demonstrated (Birch 
1979b; Guthrie et al, 2000).
Intake of target vegetable
Consumption of a target vegetable was measured in grams by weighing the amount of 
the vegetable on the plate before and after consumption using a professional digital scale 
(Tanita Corporation, Japan). These data, taken at baseline and two weeks later, formed 
the basis for subsequent analyses.
6.2.5 Procedure
Pre- and post-intervention taste tests took place in the child’s home with the mother or 
father present. Before commencing the pre-intervention taste test, children’s 
understanding of the faces rating scale was established. Children were then shown six 
whole raw vegetables (carrot, celery, tomato, red pepper, green pepper and cucumber) 
and asked to name them. Names were provided where the child was unsure. Children 
were told that they would be playing a tasting game and asked to select one of the 
vegetables to begin with. Two small pieces were cut, one for tasting and another to 
place on the appropriate face card, according to whether it was liked, disliked or neutral. 
This procedure continued with the remaining vegetables. Once all vegetables had been 
tasted and rated, the child was asked to rank them across categories in order of 
preference (from 1 ‘most liked’ to 6 ‘least liked’), using forced choice elimination 
ranking. The vegetable assigned a rank of 3 (moderately low) was selected as the target. 
This permitted observation of either positive or negative shifts in preference. The target 
vegetable was then offered to the child, who was asked, ‘How much of this would you 
like to eat? You can eat as much as you like.’ The piece was weighed before and after 
the child had the opportunity to eat.
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Parents in the Exposure group were asked to offer their child a taste of a target vegetable 
daily for 14 days. Parents in the Information group received advice and a leaflet 
promoting increased consumption of fruit and vegetables. Control participants received 
no further intervention.
Approximately two weeks after the pre-intervention taste test, all participants were 
visited again and the taste test repeated. Participants in the Information and Control 
groups were then offered advice on the use of the exposure method to increase fruit and 
vegetable consumption.
A randomly selected sub-sample of 20 participants (10 from the Treatment group, and 5 
each from the Information and Control groups) were contacted by telephone 
approximately 6 weeks after the second visit. Semi-structured interviews were carried 
out to establish their views on the acceptability and value of the advice given and to ask 
them about their continuing use of the strategies. A copy of the interview schedule is 
available at Appendix 5.7.
6.2.6 Statistical analyses
Data were analyzed using SPSS Version 10. One-way analysis of variance (ANOVA) 
and chi-square tests were carried out to establish whether the three groups differed with 
regard to age or gender of child. Intake data were found to be strongly positively 
skewed, with a substantial number of zero intakes as well as a spread of higher values. 
These data were therefore transformed (1/x+l) (Tabachnik & Fidell 1996) for 
subsequent analysis. Two-factor, repeated-measures GLM ANOVA were run with 
group membership as the between-subjects factor and time (pre and post intervention) as 
the within-subjects factor. Planned contrasts of pre/post rating, ranking, and intake 
within groups were tested by paired t-tests. Change scores for rating and ranking of the 
target vegetable from pre to post-intervention were also calculated. Differences in mean 
change scores were examined using one way ANOVAs, with significant between-group 
effects further analyzed by post-hoc tests. The proportion of children showing increased
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acceptance of target vegetables was analyzed by chi-square and Wilcoxon Signed Rank 
Tests.
6.3 RESULTS
6.3.1 Response rate and sample characteristics
Of the 156 potential participants, thirteen children (1 girl, 12 boys) were excluded when 
they failed to comply with the experimental procedures during the pre-intervention taste 
test. Distribution of children by group was then: Exposure (n = 50, 17 girls, 33 boys), 
Information (n = 48, 28 girls, 22 boys) and Control (n = 45, 23 girls, 22 boys). A further 
three children (two in the Exposure group and one in the Control group) were withdrawn 
from the study by their parents after the pre-intervention taste test. The remaining 
children (n=140) ranged in age from 34 to 82 months. Parents had a mean age of 36.4 
years (s.d. 4.7). Ninety five percent were the mother of the child and 5% were the 
father. Families were predominantly White/Caucasian (74%) and 68% of parents had 
remained in full-time education until the age of 21. Full details of the characteristics of 
participants are provided in Table 6.1.
Table 6.1: Demographic characteristics of parents and children n=140)
Child’s age in months, mean (s.d.) 53.2 (9.36)
Range: 34-82 months
Child’s gender, n (%)
Boys
Girls
67 (52.1%) 
73 (47.9%) 
0Missing 
Siblings, n (%)
Yes:
No:
Missing:
97 (69.3%) 
43 (30.7%) 
0
Identity of respondent, n (%)
Mother
Father
Other
133 (95%) 
6 (4.4%) 
1 (0.6%) 
0Missing
Respondent’s age in years, mean (s.d.) 36.45 (4.65)
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Age at completion of education, n (%)
<21 years 
>21 years 
Missing 
Housing tenure, n (%)
Privately owned 
Privately rented 
Rented from council 
Missing
46 (32.9%) 
94 (67.1%) 
0
114 (81.4%) 
14 (10 %) 
12 (8.6%) 
0
Access to car, n (%)
Yes 130 (92.9%)
No 10 (7.1%)
Missing 0
Employment, n (%)
Employed full-time 26 (18.6%)
Employed part-time 64 (45.7%)
Unemployed 49 (35.1%)
Missing 1 (0.6%)
Ethnicity, n (%)
White Caucasian: 87 (62.1%)
Other 38 (27.2%)
Missing 15 (10.7%)
Fourteen participants in the Exposure group completed fewer than 10 out of 14 tasting 
sessions. Four children completed 9 sessions, 2 completed 8, 2 completed 7, 1 
completed 6 and 5 completed 5 or less sessions. Given previous findings which suggest 
that a minimum of ten exposures may be required to effect changes in food acceptance 
in children of this age group (Sullivan & Birch 1994), two sets of analyses were carried 
out: a) on a restricted sample which included in the Exposure group only those who had 
completed at least ten tasting sessions (n = 126) and b) on the whole sample (n= 140). 
Results from both sets of analyses are reported henceforth (results for the whole sample 
are provided in parentheses and in italics after those of the reduced sample), although no 
significant differences in intake, rating or ranking were observed between completers 
and non-completers at baseline, although examination of the means for baseline intake 
show a trend towards significance (see Table 6.2).
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Table: 6.2 Means (SEM) of intake, rated liking and ranking of target vegetable at 
baseline for Exposure group participants completing <10 and >10 exposures
Less than ten 
exposures (n=14)
Ten or more 
exposures (n=34)
Significance of 
difference
Intake (g) 1.25 (0.9) 4.13(1.4) NS (p=.08)
Rated liking 2.71 (0.2) 2.50 (0.1) NS (p=0.3)
Ranking 4.14(0.2) 4.29 (0.2) NS (p=0.6)
6.3.2 Distribution of target vegetables
Selection of target vegetables resulted in the distribution detailed in Table 6.3. Analysis 
by chi-squared test revealed no significant differences between groups in selection of 
target vegetables (X2(10) = 7.25, NS).
Table 6.3: Distribution of target vegetables selected for the study
Vegetable % of target vegetables
Carrot 6.3
Cucumber 11.9
Tomato 12.7
Celery 18.3
Green pepper 24.6
Red pepper 26.2
6.3.3 Descriptive data
See Table 6.4 for means for all outcome variables pre and post-intervention by group.
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Table 6.4: Means (SEM) for rating, ranking and intake of target vegetable by 
group pre- and post-intervention
RATING RANKING INTAKE (G)*
(-1 -1 ) (1 -6 )
Pre Post Pre Post Pre Post
Exposure (n=34) -0.50 0.53 4.29 3.15 4.12 9.01
(0.12) (0.12) (0.16) (0.30) (1.35) (1.67)
Exposure (n=48) -0.56 0.46 4.25 3.29 3.29 7.72
(0.09) (0.11) (0.13) (0.25) (1.10) (1.57)
Information (n=48) -0.29 -0.08 4.58 4.29 5.73 7.32
(0.12) (0.13) (0.15) (0.21) (2.13) (1.75)
Control (n=44) -0.43 0.14 4.50 3.95 5.73 7.69
(0.11) (0.13) (0.16) (0.22) (1.46) (1.58)
Differences between groups in gender or age of children were not significant. 
Furthermore, no significant effects of age or gender were observed on change in rating, 
ranking or intake of the target vegetable.
6.3.4 Intervention effects on rated liking
There was a significant overall increase in rated liking from the first to the second visit, 
F (1,123) = 55.15, p < 0.001 (F(l,137) = 61.54, p<0.001). There was also a significant 
group by time interaction, F (2,123) = 8.29, p < 0.001 (F(2,137) = 9.76, p<0.001). 
Within-group contrasts showed that rated liking increased significantly in both the 
Exposure group (t(33) = 6.64, P <0 .001) ( t(47) = 7.77, p<0.001) and the Control group 
(t(43) = 4.19, p < 0.001), but not in the Information group (see Figure 6.1). Post-hoc 
analyses of change scores revealed that ratings increased significantly more for the 
Exposure group than the Information group (p <0 .001) (p<0.001) or the Control group 
(p < 0.05) (p<0.05) (see Figure 6.1). The difference between the Information and 
Control groups did not reach significance (p =0.07).
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Figure 6.1: Mean (± SEM) rated liking (-1= “Yucky”, 0 = “It’s OK”, 1 = 
“Yummy”) for the target vegetable at tests pre- (open bars) and post-treatment 
(shaded bars) for Exposure (n = 34), Information (n = 48) and Control (n = 44) 
groups.
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Sixty two percent (60%) of children in the treatment group increased their liking for the 
target vegetable compared with 48% of the Control group and 31% of the Information 
group (X2 (4) = 10.26, p < 0.05) (X2(4) = 12.25, p<0.05). No children in the Exposure 
group decreased their liking, compared with 9% of the Control group and 15% of the 
Information group. Post-intervention, 65% (63%) of the Treatment group placed their 
target vegetable in the liked category.
6.3.5 Intervention effects on preference ranking
Overall children ranked their target vegetable significantly higher at the second visit 
than the first, F (1,123) = 19.8, p <0.001 (F( 1,137) = 18.21, p <0.001). In addition there 
was a significant group by time interaction, F (2,123) = 2.73, p <0.05, 1 tailed. This 
interaction ceased to be significant in analyses conducted on the whole sample (F(2,137)
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= 1.97, p= 0.07, 1 tailed). Within-group contrasts again showed that only the Exposure 
group (t(33) = 3.66, p < 0.01) (t(47) = 3.69, p <0.001) and the Control group (t(43) = 
2.25, p < 0.05) ranked their target vegetable significantly higher at the second visit (see 
Figure 6.2). Post hoc analyses of change scores revealed that the Exposure group 
differed significantly only from the Information group (p < 0.05) (p<0.05). Nearly 30% 
(25%) of children in the Exposure group ranked their target vegetable as the most liked 
as against 5% of the Control group and 2% of the Information group (X (2) = 18.5, p < 
0.001) (X2(2) = 15.73, p < 0.001.)
Figure 6.2: Mean (+ SEM) ranking of the target vegetable (1 = most preferred) 
among 6 vegetables at tests pre- (open bars) and post-treatment (shaded bars) for 
Exposure (n = 34), Information (n = 48) and Control (n = 44) groups.
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***p < 0.001, *p < 0.05 versus pre-treatment ranking.
6.3.6 Intervention effects on consumption
The percentage of children in the Exposure group who ate any of their target vegetable 
increased from 47% (42%) pre-intervention to 77% (67%) post-intervention. This is in 
contrast with the Information group who increased from 45% to 60% and the Control 
group who decreased from 55% to 50%. This increase in willingness to eat the 
vegetable was significant for the Exposure group (Wilcoxon signed rank test Z = 3.16, p
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< 0.01) (Z = 3.21, p < 0.01) but not for the Information or Control groups (respectively, 
Z =  1.61, Z = .775, both NS).
Analyses performed on the transformed data showed a significant overall increase in 
target vegetable intake (F(l, 123) = 11.85, p < 0.001) (F(l, 137) = 10.84, p < 0.01), and 
a difference between groups in the extent of this increase (group by time interaction, 
F(2, 123) = 3.28, p < 0.05). When children who failed to achieve 10 exposures were 
included in the analysis, the group by time interaction was no longer quite significant, 
F(2,137) = 2.72, p = 0.07. The Exposure group was the only group for which the 
increase in intake was significant, t(33) = 4.36, p < 0.001 (t(47) = 4.19, p < 0.001) (see 
Figure 6.3). The pre-post difference for the Information group just failed to reach 
significance, t(47) = 1.92, p = 0.06.
Figure 6.3: Mean (+ SEM) intake of the target vegetable for Exposure (n = 34), 
Information (n = 48) and Control (n = 44) groups (1-transformed data i.e., higher 
value = greater intake) at tests pre- (open bars) and post-treatment (shaded bars)
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***p < 0.001 versus pre-treatment intake
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Using Spearman’s rank order correlations, I investigated whether there was a dose 
response relationship between number of exposures and change in intake of the target 
vegetable. The correlation was not significant indicating that there was no linear 
relationship between these variables. However, examination of the scatter plot (see 
Appendix 5.8) reveals that while little change was apparent after 0-9 exposures, notable 
increases in intake began to occur after 10 or more.
6.3.7. Follow-up interviews
Follow-up interviews were carried out approximately six weeks post intervention. Ten 
participants from the Exposure group and five each from the Information and Control 
groups (who had received information about exposure feeding at the end of the 
intervention period) were telephoned and given a short, semi-structured interview. 
Responses were by and large extremely positive. Of the 20 participants interviewed, 17 
felt that the advice given was useful and 11 had used the exposure method with other 
types of food that they wanted their child to eat. Amongst the Exposure group, seven out 
of ten parents surveyed felt that the intervention had had a lasting effect on their child’s 
liking for the target vegetable: “...it’s his favourite and he wouldn’t touch it before”.
Many parents stated that their child had actively enjoyed the daily tasting and that this 
had increased willingness to try other foods: “..it’s made food more fun”. There was 
also a hint of generalization in that parents commented on their children being more 
willing to try new foods “..afterwards he kept asking to try other things”. A frequent 
comment from parents was that taking part had made them “..more thoughtful about 
eating healthily” and “..inspired by trying it to be more adventurous in what I offer him”. 
The only aspect of the exposure method that was regularly criticized was its duration. 
This is borne out by the number of participants in the Exposure group who failed to 
complete all 14 tasting sessions.
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6.4 DISCUSSION
The results of the present study support the prediction that daily exposure to the taste of 
a previously disliked vegetable would increase children’s liking and consumption 
relative to Information and Control conditions. This lends further weight to 
experimental evidence of the efficacy of repeated exposure in transforming rejection of 
new foods into acceptance, in children of this age group (Birch et al, 1987; Birch & 
Marlin 1982; Sullivan & Birch 1990). Although highly significant, increases in 
consumption in real terms were relatively small. Given the impossibility of scheduling 
pre- and post-assessments for the same time of day and the attendant problems of 
varying hunger levels, the data must be regarded as an analogue of the potential effect of 
the interventions. However, the findings are strengthened by the fact that the 
intervention took place in a real world setting rather than a laboratory, and was carried 
out by parents with little dilution of the effect that has been observed in the laboratory.
A further strength lies in the method by which the target vegetable was selected, i.e. on 
the basis of individual children’s preferences. Although the distribution of target 
vegetables suggests that certain vegetables (carrot, cucumber and tomato) are more 
generally liked than others (celery, green and red pepper), individual differences in 
preferences were accounted for here.
Although there were some positive changes in all three groups, the effects on liking were 
strongest in the Exposure group, weakest in the Information group and intermediate in 
the Control group. Also, only the Exposure group showed a significant increase in all 
three outcomes. The observation that providing nutrition information had so little impact 
is worthy of note. One possibility is that the mothers in my sample were already acutely 
aware of the importance of vegetable consumption, hence their willing participation in 
the study. They may therefore have been disappointed at simply being given a leaflet 
when they had had high expectations of a “cure” for their children’s dislike of 
vegetables. In addition, research suggests that greater nutritional knowledge held by 
parents or children does not predict greater intake of healthy foods in children. In fact, 
Gibson and colleagues (Gibson et al, 1998) reported that children’s belief in the
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healthiness of vegetables, and parents’ concern with disease prevention when choosing 
family foods, were associated with lower consumption of vegetables. This apparent 
paradox may be explained in terms of children’s reluctance to eat vegetables (because of 
their unappealing sensory properties) being countered by threats of dire future health 
consequences from worried parents, leading to further reduced liking (Casey & Rozin, 
1989; Wardle, 1995). Wardle & Huon (2000) also found evidence that telling children 
that a food was ‘healthy’ reduced acceptance of the food. Given the fact that the leaflet 
emphasized health issues, parents may have raised them more with the children.
In the present study children in Information and Control groups did show a slight 
increase in either their liking or consumption of the target vegetable. This may have 
been attributable to exposure to the taste, albeit on only two occasions. Another 
possibility is suggested by anecdotal evidence from the parents themselves, many of 
whom reported having been encouraged by observing their child trying new foods in the 
first taste test to continue to offer small tastes of vegetables in the fortnight between 
assessments. It is not possible to say how widespread this practice was.
Previous research (Birch et al, 1987; Birch & Marlin , 1982; Sullivan & Birch, 1990) 
had indicated that 10 to 15 exposures would be required to produce significant increases 
in liking for unfamiliar foods in children of this age group. In the present study, 
fourteen out of 48 parents in the Exposure group failed to complete more than 9 tasting 
sessions. Reasons for this varied. Some parents stated that two weeks was simply too 
long while others had experienced practical problems; for example, their child had been 
ill or staying with relatives for some of the intervention period. It may be that the 
number of exposures required may be more than some parents are willing, or able, to 
provide (Birch et al, 1987). This is unfortunate since it was only after around 10 
exposures that real increases in ranking and intake were observed. This finding is very 
similar to that of Birch and colleagues who observed a particularly dramatic increase in 
preference for unfamiliar fruits after ten exposures (Birch et al, 1987). Although ‘non­
completers’ (or their mothers) in the present study might have differed in some relevant
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way from the ‘completers’, I found no significant differences in rating and ranking and 
intake of the target vegetable at baseline. It must be acknowledged that differences in 
mean intake between completers and non-completers appeared large even though they 
were small in real terms and failed to reach significance. It is possible that had I had 
greater power in these analyses the difference would have been significant, but this is 
purely speculative and given that liking and ranking did not differ, there is no 
compelling reason to believe that it would have been the case.
Although the results of the study are encouraging, there are a number of shortcomings 
that could usefully be addressed in future research. The study did not include any 
quantitative long-term follow-up and it is not clear whether improvements in children’s 
liking for their target vegetable would have been sustained over time or whether effects 
would generalise to other vegetables. Secondly, the sample in the present study was 
predominantly white, the majority held further education qualifications and many of the 
mothers had chosen not to work. The results may not generalise to a more ethnically and 
socio-economically diverse sample. Thirdly, given the equivocal findings in the 
literature on the effects of reward, we must consider that the colourful vegetable diary 
and face stickers that Exposure group children used to record the results of their daily 
tastings may have constituted a reward. Parents often stressed how much their children 
had enjoyed the tasting procedure. This may have had an additional effect on 
consumption above that of exposure alone, although some research suggests that while 
reward may encourage consumption, it may actually decrease liking (Birch, et al, 1982; 
Birch, et al, 1984; Newman & Taylor 1992). That this did not occur in the present study 
may be interpreted either as evidence that the procedure was not, in fact, construed by 
children as a reward for tasting per se or alternatively that the nature of the reward 
(immediate, small, non-food) minimized potential negative effects. Whether exposure 
without the diary/sticker procedure would have produced the same results remains to be 
investigated. However, in real-world interventions it is doubtful that one would want to 
eliminate entirely a potentially rewarding positive social context.
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Finally, if such an intervention were to be rolled out on a large scale, the cost of 
providing guidance one-to-one on home visits might be prohibitive. Alternative, more 
cost-effective methods of delivery need to be devised and tested.
6.4.1 Conclusions
My aim was to carry out a randomised controlled trial to test the effectiveness of an 
exposure based-intervention carried out by mothers in a home setting. My findings 
supported my prediction that daily tasting of a previously disliked target vegetable 
would increase children’s liking and intake of that vegetable compared with Information 
and Control condition.
Overall, it appears that this exposure-based approach has promise for improving 
children’s diets. Particular strengths of the technique include its simplicity and 
relatively low demands for the child. Asking a child to have a very small taste of an 
unfamiliar or disliked food is likely to be considerably more successful than expecting 
them to consume a full portion. Persuading small children to eat healthily is often a 
source of worry and stress to parents, but anecdotally, parents and children enjoyed the 
‘tasting games’ and frequently used the exposure technique for other foods after the 
study had finished. In Study 6 I attempt to address the issues highlighted here by 
investigating the acceptability and efficacy of a similar intervention, delivered in a group 
setting with a more diverse sample and with a longer follow-up period.
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CHAPTER 7: 
STUDY 6: PROMOTING ACCEPTANCE OF VEGETABLES IN PRESCHOOL 
CHILDREN FROM LOW INCOME FAMILIES: A FEASIBILITY STUDY1516 
7.1 INTRODUCTION
7.1.1 Rationale
A particular strength of Study 5 (Chapter 6) lay in its demonstration that parents 
themselves could carry out an exposure procedure with little dilution of the effect that 
has been observed in laboratory studies (e.g. Sullivan & Birch, 1990). However, three 
important issues were identified as targets for future research. Firstly, the sample was 
predominantly white, affluent and highly educated, limiting the generalisability of 
findings to other populations. There is a clear need to test the effectiveness of an 
exposure-based approach in more socio-economically disadvantaged populations whose 
fruit and vegetable consumption is known to be particularly low (Sproston & Primatesta, 
2003). Secondly, the study did not include follow-up beyond two weeks and finally, the 
delivery of the guidance one-to-one during a home visit might be prohibitively costly if 
implemented on a large scale and alternative methods of dissemination require testing.
7.1.2 Poverty and consumption of fruit and vegetables
In 1997, between a quarter and a third of children in Britain (approximately 3-4 million) 
were living in households of relative poverty. Whilst this figure was predicted to reduce 
by roughly one million by 2003/4 (Sutherland et al, 2003) and appears to be continuing 
to fall slowly, a significant minority of children still experience considerable 
deprivation. The impact of poverty on childhood nutrition generally is reviewed in 
Nelson (2000) and the moving accounts by low income mothers of their attempts to feed 
their children adequately are provided in a recent review by Pamela Attree (2005).
15 A paper based on the findings presented in this chapter has been submitted for publication to the 
International Journal for Behavioral Nutrition and Physical Activity. A copy can be found at Appendix 6.1
16 The design and interpretation of results of this study were carried out by LJC Assistance during 
delivery of the intervention was provided by Susan Camell and Claire Hill.
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In particular, poverty and food insecurity appears to impact on the purchase and 
consumption of fruit and vegetables. This finding has been reported by researchers in 
the US (Casey et al, 2001), Canada (Tarasuk, 2001), as well as in the UK (Gregory et al, 
1995; Tingay et al, 2003). In 2004, National Children’s Homes (NCH, 2004) surveyed 
55 low income families about their food purchasing and consumption patterns and the 
eating patterns of their children. Fifteen parents stated that their child ate no green 
vegetables or salads at all and of these, a third stated that this was because they could not 
afford them. Five parents said that their child never ate fruit and two said they could not 
afford to buy it. Over half the parents surveyed stated that if they had another £10 per 
week, they would spend it on fresh fruit and vegetables. In many instances these results 
were worse than those of a similar survey in 1991. Qualitative data from this research 
provide further insight into the financial and physical barriers to healthy eating in low 
income families. Almost without exception, focus group participants reported finding 
fresh fruit and vegetables expensive, and in local shops, of poor quality. Another 
important barrier to increased intake was the perceived speed with which fresh fruit and 
vegetables deteriorate. Supermarkets, where respondents felt the produce was fresher 
were often too far away to use more often than once a week and without access to a car, 
some were travelling home using taxis that they could ill-afford. In addition to 
affordability and accessibility of fruit and vegetables, a major issue is, of course, waste. 
When resources are limited, foods that are most likely to be rejected by children and 
most liable to decay (fresh fruits and vegetables) will not be purchased and so a 
foolproof method of increasing children’s acceptance would be welcomed.
7.1.3 The current study
This feasibility study was devised to test the acceptability of the content and format of 
an exposure-based intervention, and to provide preliminary evidence of effectiveness in 
a sample of low-income mothers and their 2-year-old children. Follow-up sessions 3 
and 7 weeks after the intervention were planned in order to examine acute effects on 
consumption and liking for a target vegetable, and any more persistent changes in eating 
habits and parental feeding strategies. To address issues of cost-effectiveness, the
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intervention was designed to be delivered to parents in small groups rather than one-to- 
one.
Based on the results of Study 5 ,1 expected that if caregivers complied with the exposure 
procedure as requested, this would result in an increase in children’s liking and 
consumption of their target vegetable at a 3 week follow-up which would be sustained at 
a 7 week follow-up. I anticipated that both caregivers would find the relatively low 
demands of the procedure acceptable and that more general positive changes in child 
feeding practices might result from taking part.
7.1.4. Ethical approval
Ethical approval for this study was granted by the UCL Committee for the Ethics of 
Non-NHS Human Research. A copy of the confirmation letter can be found at Appendix 
6 .2.
METHOD
7.2.1 Participants and setting
Participants were mothers of children attending parent and toddler groups run by a Sure 
Start Centre in Essex. Sure Start is part of the UK Government’s drive to tackle child 
poverty. Sure Start children’s centres are situated in areas of deprivation and help up to
400,000 preschool children and their parents, including one third of under-4s living in 
poverty. Centres offer many services to their clients including: parenting skills advice, 
antenatal care, smoking cessation programmes and toy libraries. The centre in which this 
study took place is located in one of the top 10% most deprived wards in the UK.
One week before the planned intervention session, posters were displayed in the Centre 
informing potential participants that a research study was being carried out, and that 
during the following weeks’ groups, advice about dealing with picky eating and refusal 
of vegetables would be given. A copy of the recruitment poster can be found at 
Appendix 6.3.
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7.2.2 Procedure
On arrival at the Centre, mothers were given a consent form and questionnaire to 
complete. In a short presentation, the development of children’s food preferences was 
briefly and simply described and the importance of fruit and vegetables to a healthy diet 
emphasized. The techniques of exposure feeding were explained and the need for 
perseverance in the face of initial rejection was stressed.
A copy of the presentation slides can be found at Appendix 6.4.
Mothers were then seen individually by a researcher who helped them to identify a 
‘target’ vegetable for their child -  one that the child typically rejected and the mother 
would like them to eat regularly. Mothers rated their child’s current liking for the target. 
They were asked to use the exposure method (offer a small piece of the target to their 
child every day) for two weeks, at a time when the child was hungry, but not as part of a 
meal. A diary was provided in which mothers could record whether they had offered the 
target each day and whether the child had tasted it. They were then given an invitation to 
return three weeks later with their completed diaries.
Three and 7 week follow-ups also took place at the Centre. At the first of these, mothers 
completed a brief follow-up questionnaire and handed in their diaries. At the final 
follow-up, they completed the last questionnaire and were given a book of child-friendly 
vegetable recipes (see Appendix 6.9) and a £10 gift voucher in recognition of their 
efforts.
7.2.3 Measures 
Demographics
Demographic information included age (child and parent), ethnicity, employment status, 
marital status, housing tenure, car ownership and education.
Compliance with the exposure procedure
The results of each days’ tasting were recorded in a diary (a copy can be found in 
Appendix 6.5). A box for each day was ticked if the target vegetable was offered and
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accepted by the child, crossed if it was offered and rejected, and left blank if tasting did 
not occur that day.
At baseline and again at the 7 week follow-up, mothers were asked how many times 
they would offer their child a new food before deciding that s/he did or didn’t like it.
Liking and consumption of the target vegetable
Mothers rated their child’s liking for the target vegetable at baseline by answering the 
following question: “How much does your child like his/her target vegetable?” Response 
options on a 5 point scale ranged from ‘S/he hates it’ to ‘S/he loves it’.
At 3 and 7 week follow-ups, two questions examined the impact of the two weeks of 
tasting on children’s liking and consumption of the target vegetable. The first: “How 
much does your child like his/her target vegetable now?” had five response options from 
‘S/he hates it’ to S/he loves it’. The second question was ’Compared with before the 
study started, does your child eat his target vegetable....Much more, More, About the 
same, Less, or Much less’.
Liking and consumption of fruit and vegetables
Frequency of fruit and vegetable consumption was assessed with single questions: ‘How 
many servings of fruit/vegetables does your child eat on a typical day’ (Response 
options were ‘Less than one a day’, ‘One a day’, ‘Two a day’ and ‘Three or more a 
day’).
Familiarity with, liking for and frequency of consumption of specific vegetables were 
measured using a list of 34 vegetables. First, mothers indicated whether or not their 
child had tried each vegetable. They were then asked to rate their child’s liking for it on 
a 5-point scale from ‘Hates it’ to ‘Loves it’ and finally to indicate how often their child 
ate the vegetable on a 4 point scale: ‘S/he eats it less than once a week’, ‘S/he eats it 1-2 
times per week’, ‘S/he eats it 3-5 times a week’ and ‘S/he eats it more than 6 times a 
week’.
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Evaluation of the content and delivery of the intervention
At the 3 week follow-up, mothers answered the question ‘How did you find following 
this method’ by endorsing one or more of the following adjectives: Easy, Time- 
consuming, Useless, Enjoyable, Helpful. A further question required them to rate the 
presentation of the techniques using a four point scale from ’Very good’ to ‘Poor’.
At the final 7 week follow-up, a series of questions examined mothers’ assessment of the 
acceptability and usefulness of the intervention, e.g. “How helpful was the method we 
suggested?” (four response options from ‘Very helpful’ to ‘Useless’). Other questions 
were included to tap into any more general and long-lasting effects, e.g. “Is your child 
more willing to try new foods now?”, “Has taking part in this study changed the way 
you feed your child/children in any way?”, and “Has taking part in the study made any 
difference to your family’s eating habits in general?”.
Copies of baseline, three and seven week follow-up questionnaires can be found in 
Appendices 6.6, 6.7 and 6.8.
7.3 RESULTS
7.3.1 Participants
Twenty mothers were present at the preliminary sessions, of whom 18 completed 
consent forms and baseline questionnaires in full. One mother was absent at the 3 and 7 
week follow-up sessions, and three more were absent from the 7 week follow-up 
session, leaving 14 participants for whom full data was available. Characteristics of 
mothers and children are given in Table 7.1
7.3.2 Compliance with exposure procedure
Out of a possible 14 days, mothers offered the target vegetables on 11.93 (s.d. 2.89) days 
on average and children tasted it a mean of 5.33 (s.d. 4.58) times.
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Table 7.1: Characteristics of participants (n=18)
Child’s age in months (mean, s.d.) 28.7 (5.7)
Range: 21-43 months 
Mother’s age in years (mean, s.d.) 29.17 (6.5)
Education n(% )
No qualifications 3 (16.7)
O levels/GCSE 7 (38.9)
A levels or National Diploma 5 (27.8)
University degree 2 (11.1)
Other 1 (5.6)
Housing tenure n(%)
Owner 9 (50.0)
Renting 9 (50.0)
Marital status n (%)
Married 9 (50.0)
Living as married 9 (50.0)
Employment n ( %)
Full-time homemaker 9 (50.0)
Employed part-time 4 (22.2)
Unemployed 4 (22.2)
Disabled/too ill to work 1 (5.60)
7.3.3 The impact of the intervention
Means and standard deviations of outcomes of interest at baseline, 3 weeks, and 7 weeks 
post-intervention are shown in Table 7.2.
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Table 7.2: Means and standard deviations of principal outcome measures and
significance of change over time
Baseline
(n=18)
3 week 
follow- 
up
(n=17)
7 week 
follow- 
up
(n=14)
Significance of 
difference
Liking for target 
(Possible scores 1-5)
1.94
(0.83)
2.53
(0.72)
2.71
(L20)
Baseline to 3 week 
f-up: p = 0.02 
3 to 7 week f-up:
p = 0.17
Increase in consumption 
(Possible scores 1-5)
3.24
(0.75)
3.64
(0.75)
3 -7 week f-up
p = 0.03
No of times a food offered 5.19
(5.87)
7.18
(6.37)
p = 0.06
Frequency of eating fruit 
(per day)
2.44
(0.71)
2.44
(0.76)
p =  1.00
Frequency of eating
vegetables
(per day)
1.83
(0.92)
2.07
(1.0)
p = 0.29
No of vegetables tried 
(child)
22.07
(6.58)
26.43
(7.69)
p = 0.04
7.3.4 Changes in liking and consumption of the target vegetable
One sample t-tests indicated that there was a significant increase in children’s liking for 
their target vegetable as rated by their mothers from pre- to post-intervention (p<0.05) 
and from baseline to 7 week follow-up (p<0.05). Liking continued to increase from post­
intervention to follow-up, but this difference was not significant.
Effects of the intervention on consumption of the target vegetable were also positive and 
appeared to improve with time. Three weeks after the intervention, 29% of mothers 
stated that their child ate their target “More” or “Much more” than before and this 
increased to 50% at the 7 week follow-up. Scoring “Much less than before” as 1 and
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“Much more than before” as 5, this positive shift in mothers assessment of children’s 
consumption was significant in a one sample t test (p<0.05).
7.3.5 Changes in other food-related variables
Although mean daily servings of vegetables increased slightly from baseline to 7 week 
follow-up, this increase was not significant. The number of times mothers offered their 
child a new food before deciding that he/she didn’t like it showed a trend towards an 
increase (p<0.06). There was a significant increase from baseline to the 7 week follow- 
up in the number of vegetables that children had tried (p<0.05).
7.3.6 Evaluation of the utility and acceptability of the intervention
Responses to items concerning observed changes in children’s eating habits indicated 
that most participants (n=l 1) thought that their child was more willing to try new foods 
after the intervention and six stated that their child had a more positive view of 
vegetables in general. Sixteen mothers said that they had made changes to the way that 
they fed their child with a particular focus on increasing vegetable intake and on 
persevering in the face of initial rejection of foods (see below for examples).
Mother’s reports of changes made to child feeding practices post-intervention
CB: I have tried to introduce new foods rather than sticking to the ones we like
KS: Now I am calmer and will offer the same veg/fruit at regular intervals
VT: More variety of fruit/veg. Instead of 2/3 vegetables at dinner time it is now 4/5. 
Salad and fruit is given every lunch time too as well as for snacks
AB: I try to be more positive with feeding my son fruit and veg
YH: I try to give her the right amount of fruit and veg a day
CA: Much more better variety of fruit and vegetables for the children
SP: I try to introduce a lot more new foods
SH: I now offer my child foods he has not tried more often to see if he would like it 
instead of giving up after the first time_________________________________________
154
Chapter 7 Study 6
Twelve stated that they had used the exposure techniques again to encourage 
consumption of other foods. Eight families had made changes to their eating habits, most
of which involved increases in the frequency and variety of vegetables served (see below
for comments).
Mother’s reports of changes made to family’s eating habits in general post- 
intervention_____________________________________________________________
SH: I try and encourage us all to try new foods
CA: It makes the family eat more vegetables
VH: We eat a lot more fruit and veg
AB: We do try more fruit and veg
KS: We now all eat together which has led to K .... eating more varied foods and 
feeding his self_____________________________________________________________
Fifteen participants rated the presentation on exposure techniques as “Good” or “Very 
good” and no one thought it “Poor”. The number of mothers endorsing the statements 
about the exposure method were as follows: Easy = 6; Enjoyable = 3; Helpful = 11; 
Effective = 7; Time-consuming = 3. No mother described it as useless.
7.4 DISCUSSION
The aim of this feasibility study was to test the acceptability of the programme, and to 
provide evidence of its effectiveness in a low income population of mothers and their 
two year old children. The results were encouraging. Mothers appeared very willing to 
comply with the exposure procedure, offering the target vegetable to their children an 
average of twelve times in the course of three weeks. Increases were seen in liking and 
consumption of the target vegetable three weeks after the intervention and further 
increases, albeit small, were apparent four weeks later. Beneficial effects were seen in 
the general eating habits of children and of families as a whole, as well as in parental 
feeding practices. Crucially, mothers were very positive about both the format of the
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intervention and about the feeding techniques suggested. Indeed many said that they 
had continued to use exposure as a means of encouraging healthy eating in their 
children.
These findings provide some ‘real-world’ evidence of the efficacy of repeated exposure 
in increasing preschool children’s acceptance of foods which has been amply 
demonstrated in experimental studies (Birch et al, 1987; Birch & Marlin, 1982; Sullivan 
& Birch, 1990). The results are more positive than those of previous attempts to improve 
eating patterns of preschoolers from low income families (Horodynski et al, 2004). They 
are consistent with the findings of Study 5.
Increases in liking and consumption were particularly encouraging given that children 
actually tasted their target vegetable less than six times, on average. Previous research 
suggests that as many as 10-15 exposures are required to affect change in the 
preferences of children of this age (Birch et al, 1987; Birch & Marlin, 1982). Although 
mothers were given some advice about handling food refusal, future trials of the 
intervention should incorporate a greater emphasis on strategies for dealing with 
reluctant tasters.
Strengths of the intervention include its ease of delivery and cost-effectiveness. The fact 
that sessions took place during established mother and toddler groups probably 
maximised participation, because mothers were accustomed to attending the centres at 
those times and did not have to make an additional journey. The presentation was 
relatively brief and none of the group sessions lasted more than 45 minutes.
Delivering the intervention in groups dramatically reduced time spent and costs incurred 
compared with individual sessions.
The study has limitations, not least in terms of the initial sample size and the fact that 
less than 75% of participants were present for all three sessions, and of course, it was an 
uncontrolled study. However, I had planned this as an exploratory study, the findings of 
which could be used to inform the next sequential stage in the evaluation of the
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intervention -  a definitive RCT (see Medical Research Council, 2000). However, the 
unexpected achievement of statistically significant increases in target vegetable liking 
and intake in such a small sample suggested that effects of the intervention on some 
outcomes were large enough that Type II errors were avoided.
Mothers who attend mother and toddler groups at the Sure Start Centre may be more 
motivated and less deprived than Sure Start clients as a whole. Those who attended the 
sessions may have been particularly interested in nutrition, and possibly better informed 
about food related issues than is the norm amongst this population. However, my 
sample also included a ‘hard-to-reach’ group and feedback from these mothers was no 
less positive.
Finally, it is possible that mothers’ responses to the questionnaires were subject to social 
desirability bias. Mothers were well aware that the purpose of the intervention was to 
increase consumption of the target vegetable and may have answered more positively 
than was strictly accurate. Receiving a £10 voucher for taking part may have further 
increased their wish to please, and is possible that selection of a ‘target’ vegetable was 
made on the basis of an expectation of likely success, i.e. one that their child did not 
especially dislike. These are important issues, but problematic to overcome.
However, some outcome measures are less vulnerable than others to such distortion. For 
example, it seems unlikely that mothers would state that their child had tried a vegetable 
when s/he had not, yet I saw a significant increase in total number tried. Likewise 
participants were not asked to continue to use the exposure methods after the 
intervention period, but many did so voluntarily, presumably because they found them 
effective.
7.4.1 Conclusions
The results of this feasibility study in a community setting with a disadvantaged 
population group are consistent with those of Study 5 which demonstrated the 
effectiveness of guidance to parents in exposure feeding techniques in increasing 
children’s acceptance of vegetables. Again, the intervention was popular with mothers
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and the results suggested that as well as acute effects on reactions to a specific ‘target’, 
there may be longer lasting and more general effects than have been demonstrated 
before. The demands of the intervention for parents, children and researchers were low. 
The next appropriate step is to conduct a randomised controlled trial of a fully-defined 
intervention at multiple Sure Start Centres. If successful, the strategies might be 
teachable using a video format or a manual. These could be produced and disseminated 
to all interested parties concerned with child feeding, expert or otherwise.
158
Chapter 8 Discussion
CHAPTER 8:
GENERAL DISCUSSION AND CONCLUSIONS
8.1 AIMS
The aim of the studies that comprise this thesis was to broaden the understanding of the 
development of children’s eating patterns and to inform the design of effective 
interventions to increase children’s consumption of vegetables. Using a cross-sectional 
survey methodology, I first examined the developmental patterning of food preferences 
over the years of compulsory schooling from age 4/5 to 16 years. Since children’s 
eating patterns seem to remain quite stable from childhood to adolescence and beyond, I 
aimed to investigate predictors of food choices and eating habits in preschool children. 
The objective of a number of further studies was to explore the construct of food 
neophobia -  specifically, its impact on food intake and the extent to which it is 
determined by genetic or environmental factors. The last study was an exposure-based 
intervention aimed at increasing acceptance of the food that children typically like least, 
but reject most: vegetables. My final study aimed to assess whether a modified version 
of this intervention would be effective and acceptable when delivered in a group setting 
to low-income mothers of two-year-olds. Table 8.1 provides a summary of all the 
studies in this thesis and can be found at the end of this chapter.
8.2 SUMMARY OF MAIN FINDINGS
Limited age or gender differences in food preferences
The results of Study 1 indicated that no major shift in food preferences occurs across 
childhood and adolescence. Irrespective of age, children’s highest ratings were for fatty 
and sugary foods, closely followed by fruit, with vegetables being the lowest rated 
foods. A small but significant developmental decrease in the number of foods liked was 
a finding worthy of further investigation as it may indicate a potential barrier to attempts 
to improve diets in older children. Overall my findings suggest that intervention in the 
preschool years may hold the most promise for improving children’s eating patterns.
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Gender differences in food preferences were few, but girls showed a pattern of greater 
liking for fruit and vegetables at all ages than their male peers that has been reported 
sporadically in other studies.
Predictors of children’s consumption offruit and vegetables encompass demographic, 
familial and trait factors
In Study 2, both fruit and vegetable intake were strongly associated with parental intake, 
and it seems likely that some of these effects are causal. The most likely mechanism is 
simple -  that families tend to eat at least some of their meals together, and most young 
children have their foods served from the ones that are in the home. The impact of 
modelling is likely to be another factor, with children copying parents eating habits.
Food neophobia was associated with lower fruit and vegetable consumption in 
preschoolers, but other significant predictors differed between the two food groups. 
Vegetable consumption was positively related to a general enjoyment of food and to 
gender, with boys eating vegetables less frequently than girls. Frequency of fruit 
consumption on the other hand was influenced by food-related experiences in very early 
life.
Preferences for fruits and vegetables may have different predictors
The results of Studies 1 and 2 support the view that fruit and vegetables should be 
regarded as separate entities at least in terms of studying the origins. In Study 1, 4-16 
year old schoolchildren rated fruit almost as highly as sweets and fatty snacks, where 
vegetables received the lowest ratings. Across most foods, liking is associated with 
consumption frequency, but fruit reactions appear to be paradoxical, with consumption 
of fruit being comparatively low relative to the level of liking. Alternative explanations 
for the low consumption of fruit are needed. Dislike of vegetables, on the other hand 
would appear to be a major barrier to intake.
The findings of Study 2 highlight some other important differences between predictors 
of fruit and vegetable consumption. Aside from parental intake and child food neophobia
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which were important for both, fruit consumption was related to early feeding 
experiences (being breast-fed and having an early introduction to fruit), while vegetable 
consumption was more strongly associated with overall enjoyment of food.
These findings suggest that a “one size fits all” approach to increasing fruit and 
vegetable consumption in children is unlikely to be effective.
Food neophobia is negatively related to children’s intake of fruit and vegetables 
In Study 3A parents reported the frequency with which their child ate each of six food 
types (fruit, vegetables, meat and fish, eggs, starchy foods and fatty and sugary snacks) 
as well as completing the Child Food Neophobia Scale. Neophobia scores were 
negatively related to fruit, vegetable and protein intake, but unrelated to consumption of 
starchy, fatty and sugary foods. In order to establish whether this finding was an artefact 
of response bias on the part of parents, a second study was carried out in which 
consumption of a variety of foods was objectively observed during a series of school 
lunches and related to scores on the CFNS. Again, CFNS scores were negatively related 
to consumption of fruit, vegetables and protein foods, but unrelated to intake of starchy, 
fatty or sugary foods. This was a particularly intriguing finding, given that the foods 
presented to children were not expected to be unfamiliar or unusual in any respect. We 
speculated that although children were familiar with the categories of the foods offered, 
it is possible that the particular variety of some or all of the foods had not been 
encountered before. Alternatively, it might simply reflect a considerable overlap 
between neophobia and the broader construct of pickiness.
Food neophobia is negatively related to energy intake
An interesting finding from Study 3B was the negative relationship between neophobia 
and total calories consumed. It might have been assumed that a deficit in calories 
experienced as a result of lower fruit and vegetable consumption would be made up in 
intake of other types of foods. On the contrary, in this study higher levels of neophobia 
were associated with lower overall energy intake. This suggests that neophobic children 
might have a tendency towards lower body weight than their neophilic peers.
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Food neophobia is strongly heritable
The results of the first study of food neophobia in a twin sample (Study 4) showed a 
strong genetic component to this trait, as well as a considerable influence of shared 
environments. Non-shared environmental effects were minimal. This supports previous 
accounts of food neophobia as a genetic predisposition, modifiable through experience 
with food. In the case of the children in this study, the influential experience with food 
would appear to occur mostly in the home environment.
Exposure-based techniques can increase children’s acceptance o f vegetables in real 
world settings
In Study 5, between ten and fourteen days of daily exposure to the taste of a previously 
disliked vegetable increased children’s liking and intake when compared with an 
‘Information-only’ or ‘No-treatment’ control condition. Laboratory studies had 
suggested that exposure was a powerful tool to increase acceptance of unfamiliar and 
disliked foods, but this study represented the first attempt to apply those findings in a 
real world situation. Despite being carried out by parents who were given only brief 
guidance in exposure techniques during a home visit, little dilution of the effect was 
observed.
In order to establish whether guidance in exposure feeding would be effective and 
acceptable in lower income groups and whether delivery in a group format was feasible, 
a further pilot study was carried out in a Sure Start Centre (Study 6). Promising results 
in terms of children’s acceptance of vegetables were reported by parents who gave very 
positive feedback on the content and delivery of the intervention itself.
8.3 CONTRIBUTION TO THE LITERATURE
The research described here contributes to the literature on children’s eating habits in a 
number of ways.
The wide age range and large sample size mean that Study 1 represents a useful 
contribution to the literature on food preferences, which has rarely attempted to span the
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period from young childhood into adolescence. In addition, an extensive food 
preference questionnaire with a 6-point response scale was administered in place of 
some of the rather limited (Perez-Rodrigo et al, 2003), and sometimes self-generated, 
lists (Ton Nu et al, 1996) previously reported. This allowed us to examine preferences 
within as well as between categories. Findings were that unhealthy foods predominated 
in children’s ‘Top 10’ favourite foods although fruit was also surprisingly popular 
Together with the widespread dislike of vegetables, these results replicate those of 
researchers in a number of European countries (e.g. Bellisle et al, 2000; Diehl, 1999; 
Perez-Rodrigo et al, 2003) and North America (Skinner et al, 2002b). That preferences 
appeared to be largely static over the years from age four to sixteen is consistent with 
previous research (Perez-Rodrigo et al, 2003; Skinner et al, 2002b), suggesting that the 
main thrust of attempts to improve eating habits should be directed at children before 
they commence formal schooling. Establishing healthy food preferences at an early age, 
combined with the improvements in school food provision currently being attempted, 
could pay enormous public health dividends in the future.
The strongest predictor of fruit and vegetable intake emerging from Study 2 was parental 
intake. This replicates, in a larger sample, previous research (Fisher et al, 2002; Gibson 
et al, 1998) and extends it by demonstrating that parent’s own fruit and vegetable 
consumption remains a highly significant predictor of children’s intake even when 
influential demographic, familial and trait factors are taken into account.
The link between familiarity and liking for foods seen in Study 1 replicates and extends 
the results of Wardle et al (2001b) in 4-5 year olds, but in a wider age range. In a 
similar vein, an important contribution of Studies 2, 3A and 3B was to reveal the extent 
to which food neophobia influences young children’s eating patterns. The accepted 
definition of neophobia as an unwillingness to sample any unfamiliar foods may be too 
broad given my finding of differential effects of neophobia on acceptance of different 
food types. Specifically, neophobia was negatively related only to fruit, vegetable and 
protein consumption. This finding is supportive of the view, espoused by Cashdan 
(1994, 1998) and others, that neophobia is adaptive, serving a protective function against
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the possibility of accidental poisoning from the types of foods most likely to contain 
bacteria or toxins. The observation of lower energy intake among the more neophobic 
children in Study 3A is novel. The only similar study in the literature reported a positive 
relationship between neophobia and intake of saturated fat (Falciglia et al, 2000). This 
area is worthy of further investigation as it may be that neophobia and adiposity in 
childhood are related, although these equivocal findings mean that the direction of the 
putative relationship cannot be predicted.
The origins of individual differences in neophobia are poorly understood, but the 
findings of Study 4 contribute to the debate by providing the first estimates of the 
relative importance of genetic and environmental factors to phenotypic differences in 
this trait. The strong heritability estimate that emerged contrasts with Plomin & Rowe 
(1977) who found no evidence of a genetic component to “Reactions to food” subscale 
of the CCTI, although this contains only two items that relate to neophobic reactions to 
food. Although requiring replication, this study contributes important findings to the 
debate concerning the behavioural genetics of eating behaviour.
A major contribution to the literature on the modification of children’s food choices is 
made by the translational research in Studies 5 and 6. Study 5 was a randomised trial of 
guidance to parents. The results demonstrated the power of taste exposure to promote 
acceptance of unfamiliar foods previously only seen in laboratory settings (e.g. Birch & 
Marlin, 1982; Sullivan & Birch, 1990; 1994). This research had suggested that as many 
as 10-15 exposures would be required to effect changes in preference and intake and this 
was borne out by my findings. The fact that the ‘target’ food was selected on the basis 
of each individual child’s taste preferences was also a novel aspect of this study as 
previous research has not taken these into account.
Study 6 represented the first step on the way to developing a fully disseminable version 
of this intervention, deliverable by health professionals as part of their routine practice. 
Whilst there have been a number of dietary interventions with low income mothers in 
the United States (Anderson et al, 2001; Birmingam et al, 2004; Haire-Joshu et al,
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2003), their children have rarely been included. Where children’s intake has been 
targeted results have been disappointing at best (Horodynski et al, 2004; Koblinsky et al, 
1992). The results of Study 6 contribute to the literature by demonstrating the 
effectiveness and acceptability of a relatively low-intensity, low-cost intervention with 
an important and often neglected population.
8.4 LIMITATIONS
Despite the strengths and contributions of the studies described in this thesis, I 
acknowledge the many limitations inherent in the research. Most are highlighted in the 
relevant chapters, but a number of important general issues require acknowledgement.
8.4.1 Representativeness of study samples
The sample for Study 2 (from which the participants for Studies 3 A and 5 were also 
drawn) were not representative of the population of North London as a whole nor of the 
borough in question (Camden). Whereas 27% of the residents of this borough are from 
black or ethnic minority groups, only 18% of my sample described themselves thus. It is 
worth noting, however, that a further 12.9 % declined to answer this question which may 
have skewed results. In terms of educational attainment, the sample also deviated 
widely from the norm, with over 68% having remained in full-time education until over 
the age of 21 years. Nationally, only 25% of the population have university degrees, 
although this figure rises to 31% for London as a whole and 47% for Camden itself 
(ONS, Labour Force Survey, March 2003-4).
One could argue, as many do, that by virtue of being twins, participants in Study 4 were 
inherently ‘different’ from non-twins despite being a diverse sample in many other 
respects. Finally, by living in one of the most deprived areas of the country, parents 
attending Sure Start who participated in Study 6 could be viewed as unrepresentative.
Although recruitment for all studies involved over-sampling in areas of deprivation or 
high levels of cultural diversity, for reasons of time and economy, all participants were 
required to be fluent in spoken and written English. In London, in particular, this is
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likely to lead to an over-representation of educated, white volunteers. The problem of 
limited generalisability of findings is ubiquitous in this type of research and all bar one 
of the studies presented in this thesis are no exception. Nevertheless, the success of 
Study 6 suggests that exposure-based interventions are as effective with low income and 
‘hard to reach’ families as with those at the opposite end of the affluence/deprivation 
spectrum.
8.4.2 Response rates
Related to recruitment is the issue of response rates. While the response rate for Study 1 
was excellent (81.2%), we achieved a lower rate for Study 2 (64%). Although this is 
still a relatively good response rate for a survey of the general population (Kerlinger, 
1975), it must be acknowledged that non-respondents may have differed in important 
ways from responders. For example, it was clear that the survey concerned issues 
around child feeding, so those most interested and motivated to feed their child healthily 
would be more likely to participate. This will have contributed to the preponderance of 
affluent white participants since we also know that it is lower SES individuals or those 
from minority ethnic groups who are least likely to take part in research (Szklo, 1998; 
Vernon et al, 1984).
In Study 5, participants comprised one hundred and fifty six volunteers who had taken 
part in Study 2 and who expressed an interest in taking part in further research. This 
represented 28% of the original sample (n=564). This low response rate may have 
been due to a perception of the future research as relatively burdensome with two home 
visits from a researcher, although the actual parental contribution was not particularly 
onerous. No differences in variables of interest (deprivation score, parental education, 
child fruit and vegetable consumption) were observed between participants and non­
participants, however.
8.4.3 Scope of the research
Concern about the eating patterns of the present generation of children is increasing, and 
the study of the development and modification of dietary habits is a rapidly growing
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area. As a result, it was beyond the scope of this thesis to address all the important 
questions arising. Firstly, I have focused on the preschool or very early school years 
(ages 2-5). In the light of my findings, I believe this to be justified, but I cannot be 
certain that older or younger children would exhibit the same food-related characteristics 
and preferences, or that the determinants of their eating habits would be similar. In 
addition, it cannot be assumed that because taste exposure can increase acceptance of 
vegetables in preschool children, it will succeed with adolescents, although previous 
research with adults suggests that it there is no justification for thinking that it would not 
(Pliner et al, 1993; Pliner, 1982.
Although increasing children’s intake of fruit and vegetables is an important goal, a 
number of other worrying dietary trends warrant attention and remedial action. For 
example, excess consumption of fruit juice or carbonated sweetened drinks has been 
linked to obesity in preschool children (Dennison et al, 1997; Welsh et al, 2005) and UK 
data show that under-5s are consuming biscuits, cakes, crisps and chocolate more 
frequently than vegetables (Emmett et al, 2002; Gregory, et al, 1995). Methods by 
which to affect a reduction in these behaviours will be the target of future research.
8.4.4 Design and measurement issues
A number of design issues limit the conclusions that I may draw from my findings.
My survey data were cross-sectional. In Study 1, the apparent stability of children’s 
food preferences over the school years cannot entirely be relied upon since change was 
not being observed in the same individuals, although the fact that the food environment 
was identical for all participants is one advantage to this method. School effects are also 
possible here and controlling for this was impossible because of confounding with age in 
the selection of schools. In the case of Study 2, the cross-sectional nature of the data 
mean that cause and effect relationships deduced (e.g. that low fruit and vegetable intake 
is caused by high levels of neophobia) can only be speculation.
Food frequency data such as that acquired in Study 2 has been the object of some 
mistrust since it typically overestimates intake of healthier foods. The measurement of
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food intake is a perennial problem, however, and there is little agreement as to the most 
appropriate method by which to measure it. Seven day food diaries are often cited as the 
gold standard, but place a heavy burden on participants who must be both literate and 
motivated. Twenty-four hour dietary recall is a useful tool, but provides only a snapshot 
of a person’s typical consumption patterns. Food frequency questionnaires (FFQ) are a 
fast and economical way of gathering dietary data, and despite the limitation concerning 
possible social desirability effects, they are useful for the purposes of ranking 
individuals’ consumption and to allow their diets to be related to health outcomes 
(Rockett & Colditz, 1997). Whilst not ideal, a food frequency measure was considered 
adequate for the purposes of investigating predictors of higher and lower fruit and 
vegetable consumption.
A major issue throughout this research concerns the use of parental report of children’s 
behaviour. Parents are, by and large, aware of the need for children to eat sufficient fruit 
and vegetables and anecdotally, we know that they experience feelings of guilt and 
anxiety when they are unable to achieve this for one reason or another. Therefore, there 
is good reason to suspect that social desirability bias will have affected responses to 
many of the questionnaires administered. This may have led to overestimates of 
consumption in Study 2 and to inflated post-treatment change scores in Study 6. 
Nevertheless, there is some justification for believing that positive changes did occur 
since intake in Study 5 was measured objectively using weight of food consumed.
There is a need to be aware of other types of bias that may have affected responses. For 
example, the assessment of food neophobia and fruit and vegetable consumption in the 
same questionnaire (Studies 2 and 3A) may have resulted in parents’ experiencing a 
drive for consistency in their responses. Similarly in Study 4, parents of twins are 
known to over or under-estimate similarities between MZ and DZ twins respectively. 
Nevertheless, in research with preschool children (who are the subject of most of the 
research reported here), no viable alternative to parent-report exists.
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8.4.5 Data analysis
In some of the studies, a number of different analyses were run to test the hypotheses, 
although only the most representative are fully reported. In some cases, this has meant 
violating parametric assumptions. For example, distributions of fruit and vegetable 
intake in Study 2 were strongly negatively skewed, and although appropriate 
transformations were carried out, some skewness remained. This was inevitable given 
the measure of intake employed (see Chapter 3, Section 3.4 Discussion) and results 
should clearly be regarded with some caution. Nevertheless, vegetable preference and 
intake data are invariably skewed and researchers generally take a pragmatic approach to 
its analysis. Justification for the use of the statistical method chosen for each dataset is 
provided in the relevant chapter
8.5 FUTURE RESEARCH
Whilst some important findings have emerged from this research, many questions are 
raised that will have to be addressed in further research.
There remains a need for longitudinal research into the development of children’s food 
preferences from childhood to adolescence in order to rule out the cohort effects that 
may arise in cross-sectional research. The enhanced understanding of the developmental 
patterning of children’s likes and dislikes gained would permit more accurate targeting 
of dietary interventions in future.
Future work should examine more closely the association between neophobia and 
habitual food consumption, perhaps by observation of everyday eating occasions. Our 
findings suggest that children high in neophobia have less healthy diets than their more 
adventurous peers, although they may be at lower risk of obesity as a result of their 
lower energy intake. The relationship between neophobia and adiposity in childhood 
has not been investigated and would be an interesting area to explore, particularly in the 
light of our finding of different energy intakes. A further issue arising is the definition of 
neophobia and ‘picky eating’ which may or may not be related traits. The findings 
presented here suggest there is considerable overlap between these constructs. However,
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no reliable and validated measure of pickiness has yet been developed and as a result, 
the distinction is not easily made.
The results of Studies 5 and 6 are encouraging, but this type of intervention requires 
refining and rigorous testing on a far larger scale before we can be convinced of its 
effectiveness. In addition, longer follow-up will be required to assess whether the acute 
effects observed in these studies translate to improved eating habits in the long term and 
whether these benefits, if any outweigh the costs of carrying out such interventions. In 
order to answer these questions, a fully defined intervention with random assignment to 
treatment and control groups should be tested in multiple Sure Start centres. Aside from 
fruit and vegetable consumption, two other key eating behaviours appear to impact on 
children’s health and risk of overweight and obesity -  snacking and sweetened and 
carbonated drink consumption (de Graaf, 2006; Malik et al, 2006); both of which are 
also important targets for intervention. The development of an intervention with a focus 
on improving all three dietary behaviours would be timely and welcomed by parents and 
health professionals alike.
8.6 FINAL REMARKS
The research in this thesis aimed to contribute to understanding the development of 
children’s eating habits and to begin to test interventions to modify vegetable 
preferences and intake. I hope that the results presented here represent a useful step 
towards that goal.
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Table 8.1 Summary of studies
Title Aim Method Sample
size
Sample
characteristics
Key findings Conclusions
STUDY 1 
Age and gender 
differences in 
children’s food 
preferences
To examine age and 
gender differences in food 
preferences of 
schoolchildren aged from 
4-16 years.
Cross-sectional
survey
n=1232 Schoolchildren aged 4- 
16 years attending 
three primary and three 
secondary schools in 
one West London 
borough.
Few age or gender differences 
although boys rated energy dense 
foods higher and fruit and 
vegetables lower than girls. Fruit 
was rated almost as highly as 
sweet and fatty snack foods.
Preferences appear to be 
well-established before 
starting school. Dislike is 
a barrier to consumption 
of vegetables but not to 
consumption of fruit.
STUDY 2 
Demographic, 
familial and trait 
predictors of fruit 
and vegetable 
consumption in 
preschool children
To investigate the 
association between 
variables within these 
three domains and fruit 
and vegetables frequency 
in a community sample.
Cross-sectional
survey
n=564 Parents and their 2-6 
year old children 
recruited from North 
London nursery 
schools.
Parental intake and child food 
neophobia were strongly 
associated with fruit and 
vegetable frequency. Fruit intake 
was also predicted by early 
feeding experiences while 
vegetable intake was related to 
gender and general enjoyment of 
food
Parents need to be made 
aware of the impact of 
their feeding practices 
and eating habits on their 
children’s diets. 
Interventions should 
utilise strategies known 
to reduce neophobia, e.g. 
modelling and exposure
STUDY 3A 
The relationship 
between parental 
report of food 
neophobia and 
frequency of 
consumption of 
different food types
To examine whether 
neophobia has an impact 
on consumption of all 
foods or whether 
avoidance is specific to 
certain food types.
Cross-sectional
survey
As
previous
study
As previous study Children’s food neophobia was 
negatively related to frequency of 
consumption of fruit, vegetables, 
meat and, to a small extent eggs. 
Neophobia was unrelated to 
frequency of consumption of 
starchy staples or sugary snacks.
Neophobia impacts 
differentially on 
consumption of different 
foods. This finding is 
consistent with an 
evolutionary explanation 
for neophobia as 
protecting young children 
from the possibility of 
accidental poisoning.
STUDY 3B 
The relationship 
between parental 
report of food 
neophobia and 
consumption of food 
by 4-5 year olds 
during school 
lunches
To replicate the findings of 
the previous study in the 
context of everyday eating 
behaviour.
Cross-sectional 
survey and 
direct
observation
n=109 4-5 year old children 
attending four primary 
schools in Outer 
London
Neophobia was associated with 
lower consumption of fruit, 
vegetables and protein foods and 
with lower calorie intake overall. 
It was not significantly related to 
intake of bread or sweet and salty 
snacks.
Replicates findings of 
previous study using 
observation rather than 
parent report.
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STUDY 4
The heritability of
food neophobia
To assess the relative 
contribution of genetic and 
environmental factors to 
children’s food neophobia
Cross-sectional
survey
n=5406 
twin pairs
Monozygotic and 
dizygotic twins aged 9- 
11 years from the 
Twins Early 
Development Study 
(TEDS).
The variance in neophobia scores 
explained by genetic factors was 
62% for boys and 47% for girls. 
Shared environmental factors 
accounted for a further 24% and 
38% and non-shared 
environmental factors for 14% 
and 15% respectively
Although highly 
heritable, a sizeable 
proportion of the 
variance in neophobia is 
accounted for by 
(modifiable) 
environmental factors. 
The home environment is 
an important target for 
intervention.
STUDY 5
Increasing children’s 
acceptance of 
vegetables: a 
randomised trial of 
guidance to parents
To test the effectiveness of 
an exposure-based 
intervention carried out by 
parents in the home, in 
increasing children’s 
acceptance of a previously 
disliked vegetable.
Randomised 
controlled trial
n=156 A sub-sample of the 
participants from 
Study 2
Daily exposure to the taste of a 
previously disliked vegetable 
increased children’s liking and 
consumption of that vegetable, 
relative to Information and 
Control conditions.
The intervention was viewed very 
positively by parents.
The findings are 
promising, but require 
replication in a more 
diverse sample and with a 
longer follow-up period.
STUDY 6 
Promoting 
acceptance of 
vegetables in 
preschool children 
from low income 
families: a feasibility 
study
To investigate the 
acceptability and efficacy 
of an exposure-based 
intervention delivered to 
low-income parents in a 
group setting.
Uncontrolled
trial
n=20 Mothers and their 2 
year old children 
attending a Sure Start 
Children’s Centre in 
Essex, UK.
Increases in liking and 
consumption of a target vegetable 
were observed at 3 and 7 week 
follow-ups. Parents were willing 
to comply with the procedure and 
the intervention was generally 
well-received.
The intervention requires 
more stringent testing, 
but if further evaluation 
were positive, such 
strategies could be taught 
to health professionals 
for use in their regular 
practice.
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Age and gender differences in children’s food preferences
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The present study was conducted to examine the developmental patterning of food preferences in a large sample of British schoolchildren and to investigate 
possible gender differences. Using a cross-sectional survey design, the study was carried out in three primary and three secondary schools in West London, 
UK. A total of 1291 children aged from 4 to 16 years completed a 115-item food preference questionnaire in class time, supervised by class teachers and 
assistants. Children indicated whether they had ever tried each item and, if so, how much they liked i t  We observed age-related increases in the number of 
foods tried (P<0001), liked (P<0-005) and disliked (PcO-05). Controlling for the number of foods tried rendered the increase in dislikes non-significant 
and reversed the age effect on the number liked. Girls liked firuit (P<OOS) and vegetables (A <0-001) more than boys did; boys liked fatty and sugary foods 
(7’<0005), meat (PCOOOl), processed meat products (P«XX>1) and eggs (PcO-OS) more than girls did. Some age differences were apparent in liking for 
categories of food, although die effects were not linear. Across ages and genders, children rated fatty and sugary foods most highly, although ratings for fruit 
were also high. Children's food preferences overall are not consistent with a healthy (Set. Interventions should focus on increasing the familiarity, avail­
ability and accessibility of healthy foods and should be mindful of the need to target messages appropriately for boys who have less healthful food 
preferences than girls at all ages.
Child: Food preferences: Age differences: Gender differences
It is widely held that children ‘eat what they like’, and research has 
repeatedly shown that children’s food preferences are highly predic­
tive of their intake (Birch, 19796; Drewnowski, 1997; Resnicow 
et al. 1997; Gibson et a l  1998; Baxter & Thompson, 2002; Perez- 
Rodrigo et al. 2003). Unfortunately, the foods that children like 
most are rarely of high nutritional value. Even in France, where 
the majority of 9-11 year-old children still eat traditional ‘family 
dinners', a recent study found that the self-reported T op 10’ 
foods included French hies, chocolate, pizza, cake and ice cream 
(Bellisle et aL 2000). Similar items have appeared among the 
favourite foods of older French children (Ton Nu er of 1996), Amer­
ican 2-8-year-olds (Skinner etal. 2002), German 10- 14-year-olds 
(Diehl, 1999) and British 4-5-year-olds (Wardle et aL 2001). 
Equally consistent cross-culturally are children’s dislikes, with veg­
etables featuring reliably among the least favoured foods (Ton Nu 
et aL 1996; Diehl, 1999; Skinner et a t  2002; Perez-Rodrigo et a l
2003). This pattern of preferences is consistent with the evidence 
for innate predispositions to prefer sweet tastes, to leant to prefer 
energy-dense foods and to dislike those which are sour or bitter 
(Birch, 1999).
Children’s tendency to dislike new foods (neophobia) declines 
with age (Peichat & PHner, 1995; Koivisio St. Sjoden, 1996), 
suggesting that their diets might diversify as they mature as a 
result of having tried a greater number of foods. In practice, 
many studies have found that children’s eating habits are rela­
tively stable over time (Lien et al. 2001; Sweeting et al. 1994; 
Skinner et aL 2002), while others have reported an age-related
deterioration in dietary quality (Lytle et a l 2000), particularly 
in relation to fruit and vegetables. Possible explanations 
for these contradictory findings include different age groups of 
children studied and whether the outcome measure is liking or 
consumption.
Studies of age-related changes in food preferences are rare, 
and the findings of some are difficult to interpret In a sample 
of 2-24-year-olds, Perez-Rodrigo et aL (2003) found few age 
differences in preferences for specific foods within food groups. 
However, information about the measures was sketchy, and it is 
not clear whether their results are comparable to those arising 
from the lengthy food lists usually employed
A study of French 10-20-year-olds asked respondents to gen­
erate a maximum of ten liked and ten disliked foods and to recall 
at what age their food preferences (maximum 4 -5 ) had changed 
(Ton Nu et al. 1996). Most participants reported that changes had 
occurred at around the age of 10, with negative changes (liking to 
disliking) taking place slightly earlier (mean age 10 years) and 
positive changes later (mean age 11 years). The authors conclude 
that a ‘widening of food repertoire’ occurs after puberty because 
of a reduction in neophobia together with an increase in autonomy 
concerning food and in eating out independently. Given the blunt­
ness of the instrument and its reliance on participants’ memory 
for events occurring up to 10 years previously, the interpretation 
of this small age difference should be approached with more cau­
tion. Nevertheless, taken together with the findings of a study of 
German 10-14-year-olds (Diehl, 1999) in which age was not
♦ Corr o pcndlm  aatbor: Lacy Cooke, fin +44 (0) 20 7813 2S48, email lucy.cookeSucl^c uk
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significantly related to preferences, the emerging picture is one of 
relative stability in preferences after puberty.
In one of the few longitudinal studies in the field, Skinner and 
her colleagues analysed children’s food preferences from the age 
of 2 to 8 together with an investigation of the factors related to 
preferences (Skinner et aL 2002). Across the 5 years of the 
study, the number of foods liked did not change significantly, 
although the number disliked and number tried increased. Longi­
tudinal changes suggested that foods introduced after the age of 
4 years were more likely to be disliked than Kked. The differences 
between these findings and those from the older groups indicate a 
need for a study of children’s food preferences that can span the 
transition from childhood to adolescence.
Findings concerning gender differences have been mixed. In 
the cohort of Lytle et al. (2000) cohort, developmental trends in 
consumption and eating patterns were very similar for boys and 
girls. Likewise, Perez-Rodrigo et aL (2003) reported few gender 
differences in the preferences of Spanish 2-24-year-olds. 
Among 4 -5 -year-old British children, girls liked vegetables 
more than boys did, but there were no gender differences in pre­
ferences in other food groups (Wardle et al. 2001). Boys were 
found to consume less ftuit and like raw vegetables less than 
girls did in an ongoing study of French 9-11-year-olds (Le 
Bigot Macaux, 2001). Similar findings have been reported in 
American children and adolescents (Reynolds et al. 1999), 
German 10-14-year-olds (Diehl, 1999) and Norwegian 16-21- 
year-olds (Lien et al. 2001), among others.
The present study examined the developmental patterning of 
food preferences in a large sample of British children from the 
first year of formal schooling (age 4 -5  years) to the last year 
of compulsory education (age 16). On the basis of previous 
research, we expected some gender differences, and while the pre­
diction of changes in preferences is highly complex, we hypoth­
esised that number of foods tried would increase with age, with 
an associated increase in number of foods liked.
The study was exempt from the need for formal ethical 
approval according to the rules of University College London 
since it involved an entirely anonymous survey in which the 
investigators did not participate in data collection.
Method
Design
The study used a cross-sectional survey design to examine age 
and gender differences in the food preferences of British 
schoolchildren.
Sample
The target sample was all children in Years 1-11 registered at 
West London primary and secondary schools (roughly equivalent 
to elementary and junior high schools in North America).
Procedure
Schools in the London Borough of Hammersmith and Fulham 
were contacted by letter and invited to participate in a study of 
die development of children’s food preferences. Three primary 
schools (all mixed-sex) and three secondary schools (one 
mixed-sex, one girls-only and one boys-only) agreed to take
part. Questionnaires were distributed by teaching staff to ail 
pupils in the primary schools (n 840) and to two classes per 
year in the secondary schools (n 750). The questionnaires were 
completed (hiring lessons or during private study periods, 
except for the youngest children (aged 4 -7  years), who were 
asked to take their questionnaires home to complete with the 
help of their parents. Teachers read out standardised instructions 
to the pupils prior to filling in the questionnaires.
Food preference questionnaire
The Food Preference Questionnaire was based on one used by 
Wardle et aL (2001) in a study of 4-5-year-olds. Originally 
tested for reliability and validity when completed by parents 
(Pliner & Pekhat, 1986), it has since been used as a self- 
report measure for 9 -11-year-olds (Gibson et a l  1998) and 
4-22-year-olds (Nicklaus et al. 2004). A list of ninety-four 
common foods and beverages (Wardle et al. 2001) was amended 
for the present study in order to encompass a potentially wider 
range of foods available to older children. Drinks were excluded 
since preferences for drinks may be dictated by factors different 
from those for foods. For example, liking for carbonated drinks 
containing caffeine may be the result of negative reinforcement, 
linked to die removal of the negative effects of caffeine with­
drawal in regular consumers (Garrett & Griffiths, 1998).
The final questionnaire featured 115 food items including 
‘single’ foods (e.g. apples), ‘mixed’ foods (e.g. lasagne) and ‘con­
diments’ (e.g. jam). Children were asked to indicate 'how much 
you tike each food by ticking the appropriate box’. There were 
six response alternatives -  ‘never tried it’, ‘I hate it’, ‘I don’t 
like it’, ‘it’s OK’, ‘I like it’ and ‘I love it’ -  which were 
scored from 0 to 5. Liking for a food was defined as a score of 
4 or 5, and disliking as a score of 1 or 2. To facilitate understand­
ing in younger children, a five-point ‘faces scale’ was added in 
questionnaires for the under-7s. In order to maximise participation 
rates, children were asked only for their age and gender and not 
required to give their name, ethnicity or any other socio-demo­
graphic information.
Statistical analyses
Data were analysed using SPSS version 10. (SPSS Inc., Chicago, 
IL, USA) Correlational analyses examined the relationship 
between the number of children having tried each food and the 
mean liking score of those who had tried i t  One-sample / tests 
were used to investigate whether average preference ratings dif­
fered significantly from indifference. Univariate ANOVA was 
used to examine age, gender and age-by-gender interaction effects 
on the number of foods tried, liked and disliked. The number of 
foods tried was entered as a covariate in further analyses to con­
trol for its effect on the number of foods available to be liked or 
disliked.
Foods were grouped into nine categories -  ‘Meat’, ‘Fish’, ‘Pro­
cessed meat products', ‘Eggs’, ‘Starchy staples’, ‘Fruit’, ‘Veg­
etables’, ‘Dairy’, and ‘Fatty & sugary’ -  and die internal 
reliability of these groupings was assessed by Cronbach’s alpha. 
A list of food items comprising each category is available from 
the authors on request. Foods tried by fewer than 75 % of partici­
pants were not used in analyses of food groups. Further analyses 
investigated age and gender effects on mean liking scores for each 
category of foods.
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Results
Approximately 10% of children were absent from school on the 
day of the survey, and 8% failed to hand in their questionnaire, 
leaving an achieved sample of 1291 children, representing an 
812% coverage rate of the 1590 children registered in the 
participating classes. Questionnaires with more than fifteen miss­
ing responses (representing more than one page) were excluded 
(n 59), which left data available for 1232 participants. Ages 
were 4 to 16 years, with 51 % female, 46% male and 2% unspe­
cified individuals. In order to examine age differences in food pre­
ference and familiarity, four age groupings were created: 
‘Infants’, 4-7-year-olds (« 176); ‘Juniors’, 8-11-year-olds 
(n 291); ‘Lower secondary’, 11- 13-year-olds attending secondary 
school (n 466); and ‘Mid secondary' 14-16-year-olds (n 264). 
Thirty-five children omitted to record their age.
Children had tried an average of ninety-eight foods out of 115. 
Across the whole sample, foods that were tried less often tended 
to be less liked and vice versa (Pearson correlation of percentage 
tried and mean liking score, r 0-68, P <  0-001). Univariate 
ANOVA revealed a strong increase with age in the number of 
foods tried (F (3, 1171) =  75-34, PC0-001) (Fig. 1). The 
number of foods liked (F (3, 1171) =  4-50, P«M )05) and the 
number of foods disliked (F  (3, 1171) =  3-35, P<0-05) also 
increased with age. However, entering the number of foods 
tried as a covariate in further ANOVA reversed the pattern in 
number of foods liked such that, as a function of the number of 
foods tried, the number liked decreased with age (F 
(3, 1167) =  3-27. P<0-05) (Fig. 2). The same procedure rendered 
the increase in foods disliked non-significant.
There were no significant gender effects for any of these three 
outcomes, but there was a significant age-by-gender interaction in 
the number of foods disliked (F (3, 1167) =  2-66, F<0-Q5), with 
younger boys disliking more foods than girls, whereas in the older 
groups this effect was reversed.
The ten most highly rated items were chocolate, pizza, ice 
cream, pasta, strawberries, chocolate biscuits, ice lollies, grapes, 
cakes and fruit sweets. Hie ten lowest rated foods included six 
vegetables (spinach, leeks, marrow, swede, sprouts and turnip) 
and some meats and meat substitutes (textured vegetable protein, 
soya meat, liver-sausage and liver).
Of the ninety-two foods tried by at least 75 % of the sample, 
only ten were disliked on average (significantly below indiffer­
ence by a one-sample t test). These were processed cheese,
110
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Fig. 1. Number of foods tried by different age groups. Value* are means with 
95% Cl indicated by vertical bars. Univariate ANOVA showed a significant 
Increase with age (P< 0 001).
Age group
Fig. 2. Number of foods liked, adjusted for number of foods triad, by different 
age groups. Value are means with 95% Cl indfcated by vertical bars. Univari­
ate ANOVA showed a significant decrease with age (P<0 05).
cottage cheese, cabbage, cauliflower, mushrooms, onions, pars­
nips, sprouts, celery, and spinach. Among the twenty-three 
foods tried by fewer than 75 % of the children, seventeen were 
significantly disliked by those who had tried them. All twenty- 
three were omitted from further analyses of patterns of food 
preferences.
In order to examine the pattern of children’s food preferences, 
the foods tried by at least 75 % were grouped into categories of 
food type. These categories were fruit (» 12), vegetables (n 17), 
meat (n 7), processed meat products (n 7), starchy staples 
(n 12), eggs (n 3), fish (n 3), dairy (n 7) and fatty & sugary 
foods (n 19). Five items (nuts/nut dishes, soup, ketchup, salad 
dressing and gravy) were excluded at this stage since they 
could not be easily fitted into any one category. Category-based 
preference scales were produced for each participant by calculat­
ing the mean of the liking scores of the foods in each category. 
Cronbach’s alpha and item means for each scale (for the total 
sample and for girls and boys separately) are given in Table 1.
Fatty/sugary foods were the most well-liked, followed by fruit, 
starchy staples, meat, processed meat products, eggs, fish, dairy 
foods and lastly vegetables. Liking for fruit and vegetables 
was higher for girls than boys (F (1, 1170) =  4-22, FC0-05 and 
F  (1, 1171) =  10-56, F=0-001, respectively). Liking for fatty & 
sugary foods, meat, processed meat products and eggs, on die 
other hand, was higher for boys (F (1, 1171) =  9-46, F < 0-005; 
F  (1, 1151) =  40-18, F < 0-001 ;F (1 , 1169) =  2526, F«MX)1; 
F  (1, 1147) =  3-98, F<0-05, respectively). There were no gender 
differences in liking for foods in the fish, dairy or starchy staples 
categories.
There were age-related differences in preferences for foods in 
the fatty/sugary (F  (3. 1171) =  8-10. F <  0-001), fruit (F 
(3, 1170) =  3-16, F<0-05), fish (F  (3. 1145) =  4-24, PC0-05) 
and dairy (F (3, 1168) =  4-77, P <  0-005) categories (Table 2). 
Liking for fruits and fatty & sugary foods reached a peak at 8 -  
11 years, whereas liking for fish and dairy foods was highest 
among the youngest children and declined thereafter.
Age-by-gender interaction effects on liking were observed in 
the processed meat products, eggs, fish and dairy foods categories 
only. For processed meat products, boys’ liking increased with 
age whereas that of girls remained largely stable. Liking for 
eggs increased with boys’ age but decreased with girls'. For 
dairy foods, boys’ liking was seen to decline with age whereas 
that of girls fluctuated, and for fish items boys’ liking remained 
static whereas girls’ liking decreased with age.
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Table 1. Cronbach’s alpha and mean Mng* of items in each food category (Total sample and by gender)
Total sample (n 1232) Girts (n 639) Boys (t?564)
Food category (n) Scale alpha Mean so Mean SO Mean SD Significance of difference
Fatty & sugary foods (19) 0-86 4-27 056 421 0-57 4-35 0-55 P<3005
Fruit (12) 0-88 4-18 0-76 4-22 0-71 4-13 0-81 P< 305
Starchy staples (12) 0-75 4-09 0-58 3-98 0-56 4-02 359 NS
Meat (7) 0-77 3-72 0-79 3-57 0-80 390 0-79 PC0-001
Processed meat (7) 0-77 3-66 0-83 3-55 0-83 3-81 380 P<0-001
Eggs (3) 0-86 3-54 126 3-46 1-22 384 1 28 P<305
Fish (3) 0-63 3-39 1-11 334 1-12 345 1 10 NS
Oaky foods (7) 0-75 3-27 0-67 326 0-61 327 393 NS
Vegetables (17) 0-89 3-05 0-63 313 0-80 2-96 386 P<301
•nupnmeecelelor—eti kwnie t-SnnHi 1 -  1 here* to S -  llover.
Discussion
Our results indicate that the ten most highly rated foods in this 
large sample of children in London were very similar to those 
cited in previous studies of French, German, American and 
younger British children (Diehl, 1999; Bellisle et a l 2000; 
Wardle et al. 2001; Skinner et al. 2002), with fatty & sugary 
foods featuring most heavily. Nevertheless, the inclusion of two 
fruit items (grapes and strawberries) in the children’s T op 10’ 
is encouraging and unexpected. Vegetables, on the other band, 
were over-represented in the lowest rated foods. Again, this is a 
widely replicated finding cross-culturally (Ton Nu et a l  1996; 
Gibson et al. 1998; Diehl, 1999; Skinner et al. 2002; Perez- 
Rodrigo et al. 2003) and to some extent explains the low levels 
of consumption typically reported. The findings on fruit, however, 
seem to challenge the idea that children eat what they like since 
we know that, on average, their fruit intake is low, although the 
high rating given to grapes and strawberries may reflect their 
status as ‘treat’ foods. These findings, together with previous 
studies of children’s fruit and vegetable intake, emphasise the 
need to consider them as separate variables (Gibson et a l  1998; 
Cooke et al. 2004).
We have replicated the finding of Wardle el al. (2001) of a 
strong correlation between the average liking for a food and the 
proportion of children who had tried that food. As the authors 
point out, the latter is not a measure of exposure frequency, but 
the association suggests that parents tend to offer their children 
the foods thru they accept most readily. Skinner et al. (2002) 
found that mothers were unlikely to introduce their children to 
foods that they themselves disliked, and this is reflected in our
finding that the least tried foods were those that are widely dis­
liked by adults (e.g. sprouts and liver).
As expected, the number of foods tried increased significantly 
with age in our sample, as did the number of foods liked and dis­
liked. However, controlling for the number of foods tried elimi­
nated the age-related increase in number of foods disliked, 
indicating that this was merely an artefact of having more foods 
to rate. More intriguing was the impact on number of foods 
liked, which was found to decrease with age as a function of 
the number tried. These findings might be considered to be sup­
port for the notion of a deterioration in the diets of older children 
(Lytle et aL 2000) rather than the broadening of dietary repertoire 
that a developmental decline in neophobia might lead us to expect 
(Pelchat & Pliner, 199S; Koivisto & Sjoden, 1996). One possible 
interpretation of these results is that the foods that children try 
later in life are intrinsically less likeable than those commonly 
offered to younger children. Thus, although a lessening of neo­
phobia appears to increase the willingness to try new foods, it 
does not follow dial a liking for these more ‘acquired tastes’ 
will result
Research into the efficacy of repeated exposure in increasing 
liking for unfamiliar foods typically uses appealing new foods 
such as cheese and fruit (Birch & Marlin, 1982) or fruit juice 
(Pliner, 1982). Where more unusual foods such as dates (Birch, 
1979a) or tripe, halva and chutney (Peryam, 1963) have been 
the target preference has not significantly increased. Alterna­
tively, it is possible that levels of exposure in these studies 
were too low to have an impact. This may have been a factor 
in our findings, but we have no means of knowing the extent of 
participants’ exposure to foods, merely that they had tried (hem
Table 2. LJdng lor items in each food category by age group 
(Mean values with their standard deviations)
Infants Juniors
Lower second­
ary Mid secondary
Significance of cflfterenceMean so Mean SD Mean SD Mean SO
Fruits 4-18 374 4-28 373 4-11 377 4-17 377 P<305
Vegetables 3-15 386 3-00 388 2-98 381 3-11 379 NS
Processed meat 3 60 390 3-68 386 364 381 3-72 379 NS
Meat 372 382 3 66 382 372 378 3-78 377 NS
Fish 371 1-08 334 1-18 336 1-08 330 107 P<305
Eggs 355 1-39 346 1-33 356 1-17 355 1-24 NS
Fatty/sugary 4-29 381 4-41 354 4-23 355 4-19 355 P<3001
Oaky 3-47 389 3-30 099 322 0-80 322 381 P< 0-005
Starchy staples 407 368 3 99 362 399 0-54 3-97 351 NS
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once or more. It is unlikely that participants would have tasted 
new foods the fifteen or more times required to change 
preferences.
There were no gender differences in number of foods tried, 
liked or disliked, although the significant age-by-gender inter­
action in number of foods disliked suggests that boys may be 
more ‘picky’ early, where girls are more so during adolescence. 
Although Koivisto-Hursti & Sjoden (1997) have previously docu­
mented significantly higher neophobia in 9-year-old boys and in 
adult males, no gender differences were found in adolescents. 
An alternative explanation for girls disliking more foods may 
be that weight and diet issues become more pertinent for girls 
at this age, although this is speculative since we have no support­
ing data available for our sample.
Grouping foods into nine categories provided a more detailed 
picture of gender differences, changes in preferences that occur 
over time and the relationships between foods. Cronbach’s 
alpha for all categories were high, indicating that liking was con­
sistent within categories. Across age groups and genders, fatty & 
sugary foods were liked the most and vegetables the least, which 
is largely consistent with previous findings (Ton Nu et a t  1996; 
Diehl, 1999; Skinner et aL 2002), although it should be noted 
that even among vegetables, average ratings w oe above indiffer­
ence. Liking for fruit ran a close second to that for fatty & sugary 
foods yet, as previously noted, intake is typically low. This appar­
ent contradiction may be a product of the context in which fruit is 
generally offered -  as a snack in direct competition with the more 
desirable options of sweets or salty snacks. This is a contest that 
fruit is unlikely to win given its low energy density and lesser 
sweetness.
Previous research has documented healthier food choices and 
greater liking and consumption of fruits and vegetables in girls 
when compared with their male peers (Reynolds et al. 1999; Le 
Bigot Macaux, 2001; Lien et al. 2001; Robinson & Thomas,
2004), and our data show a similar pattern. Girls had a greater 
liking for fruit and vegetables than did boys, and boys gave 
higher ratings to fatty & sugary foods, meat, processed meat 
and eggs than did girls. Given that at all ages, boys’ energy 
requirements are greater than those of girls, their greater liking 
for more energy-dense food groups may serve an adaptive pur­
pose. On the other hand, social desirability may have had a stron­
ger impact on girls’ responding, because of the greater importance 
that females attach to diet (Wardle et al. 2004).
The age differences in preferences for food categories observed 
here do not provide a wholly coherent picture. Significant 
differences were found in only four categories (fatty & sugary, 
fruit, fish and dairy) and fail to support a prediction of an 
increased preference for unhealthy foods at or around puberty 
and the transition to secondary school. On the contrary, our 
data suggest a reduced preference for fatty & sugary foods at 
this time, albeit combined with a similar reduction in liking for 
fruit. Likewise, age-by-gender interaction effects were highly 
variable and problematic to interpret.
We acknowledge some limitations of our study. First, the cross- 
sectional nature of our data limits the implications that can be 
drawn. Clearly, there is a need to investigate food preferences 
longitudinally across this age span in British children. Second, 
the generalisability of our findings is questionable given 
that only six schools agreed to take part, two of which were 
single-sex. We were unable to adjust our analyses for an effect 
of school since this was confounded with age. This is regrettable
since the individual school’s food environment may have an influ­
ence on preferences. In addition, the fact that parents had a major 
part in completing questionnaires for die youngest of our age 
groups may have affected our results. Finally, it would have 
been informative to have more detail about the children them­
selves (e.g. ethnicity, socio-economic status, temperament and 
dietary restrictions) and their parents in order to investigate 
effects of these on preferences. Nevertheless, the large sample 
size and high coverage rate achieved lend weight to our findings.
Our aim was to investigate age and gender differences in food 
preferences in order to inform interventions to improve children’s 
diets. Across ages and genders, children rale fatty & sugary foods 
very highly and, with a food industry all too eager to produce 
foods that appeal to their tastes, it is perhaps not surprising that 
we are facing an obesity epidemic. A developmental decrease 
in the number of foods liked may further counteract efforts to 
establish healthier diets in adolescents. As well as documenting 
the problem, however, our findings point to a number of possible 
areas for intervention.
Our results emphasise the strong relationship between famili­
arity and preferences. Effective strategies to increase consumption 
should therefore include elements designed to provide repeated 
exposure to unfamiliar foods. Findings for fruit and vegetables 
are also informative. The data suggest that dislike is not a barrier 
to fruit consumption since fruit was rated very highly, especially 
among girls. In contrast, our findings support die view that liking 
should be targeted in interventions aimed at increasing the con­
sumption of vegetables, which are rated only slightly above indif­
ference. The high consistency of preferences within categories 
might suggest that increasing the liking for one food in a category 
might generalise to liking for others in the same category. Finally, 
it appears that boys have less healthful food preferences than girls 
at almost every age, and interventions should be mindful of the 
need to target messages appropriately.
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Appendix 1.2: Food Preference Questionnaire for Study 1
AGE: GIRL/BOY: SCHOOL:
(Years/months)
FOOD PREFERENCE QUESTIONNAIRE
Please indicate how much you like each food by ticking in the appropriate box
IF YOU HAVE NEVER TRIED A FOOD, TICK THE 1st BOX ONLY
Never 
tried it
I hate I It’s I quite I love 
it don’t OK like it it 
like it
: *
Beef i—i 
D □ □ □ □ □
Beefburger, hamburger □□□□□
Lamb n □ □ □ □ □
Pork □ □ □ □ □ □
Chicken n □ □ □ □ □
Turkey ^ □ □ □ □ □
Bacon ^ □ □ □ □ □
Ham □ □ □ □ □ □
Sausages Q □, □ □ □ □
Liver O □ □ □ □ □
□  □  □  □  □
Liver sausage ^
□  □  □  □  □
Fish: fried in batter or breadcrumbs
Fish: plain, white (cod, haddock) ^
□  □  □  □  □
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Never 
tried it
I hate I It’s I quite I love 
it don’t OK like it it 
like it
Mackerel n  
T una □
□  □  □  □  □
□  □  □  □  □
Baked beans ^
□  □  □  □  □
Lentils, chickpeas etc ^ □□□□□
□  □  □  □  □
Qiiom Q
□  □  □  □  □
Soya meat _
D □  □  □  □  □
TVP (textured vegetable protein) ^ □□□□□
*
Vegeburger, vegesausage
D □  □  □  □  □
Nuts, eg peanuts, nut dishes ^
□ □ □ □ □
Eggs: boiled, poached
n
i V,
□  n  □  □  □
-
Eggs: scrambled ^
□ □ □ □ □
T J  ,Eggs: fned _
□
Lasagne ^
□  ■ □ □ □ □  
□  □  □  □  □
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Never 
tried it
I hate I It’s I quite I love 
it don’t OK like it it 
like it
Moussaka 
Meat pies
□  □  □  □  □  
□  □  □  □  □
Pork pies D □  □  □  □  □
Pizza Q □□□□□
Quiche D
□  □  □  □  □
Sausage rolls ^ □□□□□
Shepherd’s pie
□  □  □  □  □
Bread, rolls ^
□  □  □  □  □
Cream crackers, cheese biscuits ^
□  □  □  □  □
Ryvita Q
□ □ □ □ □
Cheese (processed) eg Dairylea, Kraft 
Cheese (hard), eg cheddar ^  
Cheese (low fat), eg cottage cheese 
Cheese: (cream) eg Philadelphia ^
□  □  
□  □  □  □  □  
□  □  □  □  □
□  □  □  □  □
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I hate I It’s I quite I love
it don’t OK like it it
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Cheese (soft): eg Brie, camembert '
Bran cereals: e.g. All Bran 
Muesli: e.g. Alpen 
Porridge or Ready Brek
□
CsrfSV-.. „ . - 
□
□ □ □ □
□ □ □ □
- \ • . . .
□ □ □ □smssammmumm
.
□ □ □ □ □
H H H |:
Rice or com cereal, eg Cornflakes, r
Rice Krispies
□ 
□ 
□ 
□
gagggjgigg^
□ □ □ □ □ sm □
Sugared cereal, eg Ricicles, Frosties, 
Sugar Puffs
Wheat cereal, eg Weetabix, Shredded 
Wheat
Potatoes: boiled, mashed or jacket 
Potatoes: chips 
Potatoes: roast, fried
□ □ □ □ □ □
□ □ □ □ □ □
□□ □ □ □
' i , I* . .
□ □ □ □ □:
□
Broccoli D
□ □ □ □ □
Cabbage, spring greens □
Carrots
Cauliflower
□
□
mm
□ □ □ □ □
□ □ □ □ □
□  □  Q □  □
□ □ □ □ □
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I hate I It’s I quite I love 
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Green beans Q 
Leeks ^
□  □  □  □  □  
□  □  □  □  □
Marrow, courgettes ^ W  -■:  ^ \
□  □  □  □  □
Mushrooms ^
□ □ □ □ □
Onions n
□  □  □  □  □
Parsnips ^ □□□□□
peas Q
□  □  □  □  □
Salad greens, eg lettuce q □□□□□
m m □  □  □  □  □
Tomatoes ^
□ □ □ □ □
Sprouts
□ □  □  □  □  □
Turnips
D
Cucumber ^
□  □  □  □  □
■. v
□  □  □  □  □  
□  □  □  □  □
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Never 
tried it
I hate 1 It’s I quite I love 
it don’t OK like it it 
like it
Spinach
n  □  □  □  □
□  □  □  □  □
■
□  □  □  □  □
Plantain ^
□  □  □  □  □
Apples q
□  □  □  □  □
Bananas ^
□  □  □  □  □
■
□  □  □  □  □
Tangerines, satsumas, clementines ^
□  □  □  □  □
Grapes ■
□  □  □  □  □
Melon
□  □  □  □  □
Peaches, nectarines ^
□  □  □  □  □
Pears
Apricots
n  n  □  □  □  
□  □  □  □  □  
□  □  □  □  □
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Never
tried it
  ——!  ... "
Strawberries
D
Raspberries 
Avocado pears
Soup: vegetable or meat-based ^
Milk (skimmed) Q
Milk (semi-skimmed) ^
I hate I It’s I quite I love
it don’t OK like it it
like it
□ □ □ □ □
□ □ □ □ □
□ □ □
□ □ □ □ □
V • * -' • •■ •'' ' ■/ *
□ □ □ □ □SSS8R SBBSSkSSwII SHSmNHBSSSHRMI
Milk (full fat) D □ □ □
Fizzy drinks, eg Coca Cola, Fanta ^
Fruit juice: 100% pure
□
□ □ □ □ □
Fruit squash
_
Butter
- 1
Margarine
D
Cream
□ □ □  □
■
□ □ □ □ □
■ ■ ■ ■ ■ ■
□ □ □ □ □™ipA-.>.vAt«AV*.V--- ;^ **3sSS53**~E??r -1
Biscuits: plain, eg rich tea, digestives □ □ □ □ □ □
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Never 
tried it
I hate I It’s I quite I love 
it don’t OK like it it 
like it
Biscuits: chocolate ^  
Cakes
Buns/pastries, eg scones, Danish
pastries D
□  □  □  □  □
■
□  □  □  □  □  
□  □ □ d o
Fruit pie/tarts/crumbles ^
□  □  □  □  □
Sponge pudding
Ice cream ^
□  □  □  □  □
□  □  □  □  □
Ice lollies n
□  □  □  □  □
Custard ^
□  □  □  □  □
Blancmange ^
=■*. i ■■■■■ v ■
□  □  □  □  □
Dairy desserts, eg mousse ^
□  □  □  □  □
Yogurt, fromage frais: eg Muller,
Pettts F,lou
Crisps
C  l r  T i tSavoury snacks, eg Twiglets,
Cheddars
J a m  □
□  □  □  □  □
□  □  □  □  □
□  □  □  □  □
E y . ,  - .... | mj
□  □  □  □  □
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tried it
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I hate I It’s I quite I love
it don’t OK like it it
like it
□ □ □. ? '"V j'
m m
Chocolate 
Sweets: fruit
Sweets: mints 
Sweets: toffee, fudge 
Sauces: BBQ, ketchup 
Sauces: salad dressing, mayonnaise
Sauces: warm, savoury eg gravy
ill** •
Rice
Pasta
□
□
□
□
□
□
□
□
□ □
□ □ □  □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□
.
r - ,  
D
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ O D D
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Three last questions...............
When did you last eat anything?,
What did you eat then?.............
What would you most like to eat right now?,
Thank you very much for helping us with our research.
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Appendix 1.3: Contents of food categories
FRUIT (12)
Apples, Bananas, Oranges, Tangerines/satsumas/clementines, Grapes, Melon,
Peaches/nectarines, Pears, Plums, Apricots, Strawberries, Raspberries___________
VEGETABLES (17)
Bakes beans, Broccoli, Cabbage/spring greens, Carrots, Cauliflower, Green beans, 
Leeks, Mushrooms, Onions, Parsnips, Peas, Salad greens/lettuce, Sweet peppers,
Tomatoes, Sprouts, Cucumber, Celery, Spinach______________________________
MEAT (7)
Beef, Lamb, Pork, Chicken, Turkey, Bacon, Ham____________________________
STARCHY STAPLES (12)
Bread rolls, Cream crackers/cheese biscuits, Porridge, Rice/com cereal, Sugared 
cereal, Wheat cereal, Bran cereals, Potatoes: boiled, Potatoes: chips, Potatoes:
roast/fried, Rice, Pasta____________________________________________________
EGGS (3)
Eggs: boiled/poached, Eggs: scrambled, Eggs: fried__________________________
FISH (3)
Fish, fried, Fish,plain, Tuna_______________________________________________
DAIRY (7)
Butter, Margarine, Cream, Cheese: processed, Cheese: hard, Cheese: low fat,
Cheese: cream___________________________________________________________
FATTY & SUGARY (19)
Biscuits: plain, Biscuits: chocolate, Cakes, Buns/pastries, Fruit pie/tart/crumble, 
Sponge pudding, Ice cream, Ice lollies, Custard, Dairy desserts, Yogurt/fromage 
frais, Crisps, Savoury snacks, Jam, Chocolate, Sweets:fruit, Sweets:mints, Sweets:
toffee/fudge, Pizza_______________________________________________________
PROCESSED MEAT PRODUCTS (7)
Beefburger/hamburger, Sausages, Lasagne, Meat pies, Pork pies, Sausage rolls, 
Shepherds pie___________________________________________________________
Foods tried by less than 75% of participants
Liver, pate, liversausage, lentils/chickpeas, tofu, Quom, TVP, 
vegeburger/vegesausage, moussaka, quiche, ryvita, soft cheese (brie/camembert), 
leeks, marrow/courgettes, turnips, Swedes, yams, plantains, avocado pears, 
blancmange, mackerel, muesli (e.g. Alpen)
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Appendix 1.4 Percentage of children having tried each food and mean and s.d. 
of liking ratings (Study 1)
Food item Percent
tried
Mean
liking
SD n
Crisps 99.90 4.47 0.86 1229
Ice cream 99.80 4.65 0.75 1227
Ice lollies 99.80 4.59 0.79 1224
Apples 99.80 4.39 0.87 1223
Sponge pudding 99.80 3.96 1.22 1147
Cakes 99.70 4.55 0.83 1221
Chocolate 99.60 4.74 0.64 1221
Pizza 99.40 4.69 0.72 1217
Rice 99.40 4.25 1.03 1215
Bananas 99.40 3.97 1.27 1223
Pasta 99.30 4.61 0.81 1211
Chocolate biscuits 99.30 4.60 0.80 1221
Fruit sweets 99.30 4.52 0.85 1217
Chips 99.30 4.51 0.84 1215
Oranges 99.20 4.27 0.96 1214
Jam 99.20 3.86 1.20 1218
Carrots 99.20 3.79 1.22 1213
Butter 99.20 3.63 1.17 1215
Grapes 99.10 4.57 0.84 1218
Baked beans 98.90 3.40 1.38 1211
Strawberries 98.80 4.60 0.93 1215
Rice cereals 98.80 3.97 1.06 1211
Chicken 98.50 4.41 0.88 1207
Peas 98.40 3.36 1.39 1205
Mint sweets 98.30 4.22 1.12 1203
Toffee/fudge 98.00 4.27 1.12 1199
Boiled/mashed/baked
potatoes
98.00 4.09 1.11 1199
Sauces: Ketchup/BBQ 97.80 4.25 1.13 1199
Pears 97.80 4.00 1.22 1200
Cream 97.80 3.40 1.41 1J97
Plain biscuits 97.60 4.25 0.96 1199
Tomatoes 97.60 3.19 1.52 1200
Custard 97.40 3.43 1.55 1192
Melon 97.30 4.01 1.31 1196
Onions 97.20 2.91 1.43 1194
Eggs: scrambled 96.60 3.58 1.44 1186
Sugar cereals 96.40 4.11 1.08 1178
Fruit pies/crumbles 96.40 3.98 1.25 1182
Yogurts 96.30 4.11 1.12 1184
Plums 96.10 4.05 1.21 1176
Peaches/nectarines 96.00 4.24 1.15 1179
Bread 95.90 4.21 0.95 1170
Eggs: boiled/poached 95.90 3.43 1.40 1176
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Wheat cereals 95.80 3.73 1.22 1172
Sausages 95.60 3.97 1.18 1169
Roast/fried potatoes 95.50 4.30 1.05 1166
Raspberries 95.50 4.23 1.17 1174
Cucumber 95.50 3.95 1.32 1176
Eggs: fried 95.10 3.60 1.41 1164
Buns/pastries 95.00 4.14 1.12 1164
Salad greens/lettuce 95.00 3.60 1.35 1166
Cream crackers 94.90 3.65 1.23 1158
Sauces: gravy 94.80 3.93 1.19 1160
Broccoli 94.70 3.29 1.45 1156
Savoury snacks (twiglets) 94.60 4.07 1.19 1162
Mushrooms 94.60 2.67 1.54 1162
T angerines/satsumas 94.50 4.24 1.08 1159
Turkey 94.00 3.73 1.16 1156
Burgers 93.70 3.78 1.23 1128
Cabbage/spring greens 93.50 2.68 1.43 1146
Sausage rolls 93.30 3.93 1.21 1143
Ham 93.30 3.65 1.22 1144
Sauces: mayo/salad cream 93.30 3.54 1.43 1137
Green beans 93.30 3.12 1.39 1147
Soup 93.00 3.68 1.28 1136
Lamb 93.00 3.56 1.27 1142
Cheese: cheddar 92.90 3.56 1.33 1133
Tuna 92.90 3.50 1.46 1142
Cauliflower 92.50 2.74 1.44 1130
Dairy desserts 92.40 3.99 1.21 1130
Nuts/nut dishes 92.30 3.34 1.37 1129
Bacon 92.00 3.86 1.29 1129
Margarine 91.80 3.21 1.27 1126
Beef 91.40 3.42 1.21 1124
Pork 90.90 3.41 1.26 1118
Shepherds Pie 90.60 3.68 1.30 1104
Fried fish 90.60 3.53 1.35 1114
Apricots 90.30 3.66 1.36 1107
Plain white fish 89.10 3.20 1.39 1097
Porridge 88.80 3.30 1.40 1086
Sprouts 87.60 2.14 1.38 1078
Spinach 87.10 2.52 1.47 1068
Cheese: processed 87.00 2.91 1.38 1061
Lasagne 85.70 3.96 1.24 1047
Sweet pepper 83.10 3.14 1.52 1019
Cheese: cream 82.90 3.19 1.46 1015
Celery 82.60 2.60 1.43 1016
Parsnips 80.10 2.61 1.48 984
Bran cereals 79.10 2.99 1.35 966
Meat pies 78.30 3.27 1.29 953
Cottage cheese 76.90 2.62 1.42 935
Pork pie 75.70 2.95 1.37 922
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The following foods were not included in analyses o f food groups
Muesli 74.90 3.00 1.35 915
Turnips 74.70 2.09 1.28 918
Leeks 74.20 2.50 1.37 912
Marrow/courgettes 73.80 2.31 1.33 902
Quiche 73.00 3.11 1.45 885
Avocado pears 70.00 3.06 1.56 851
Lentils/chickpeas 69.40 2.72 1.31 847
Swedes 67.40 2.30 1.38 827
Soft cheese 67.10 2.84 1.51 821
Vegeburgers/vegesausages 65.10 2.71 1.38 795
Pate 60.20 2.65 1.49 739
Mackerel 55.90 2.77 1.38 684
Liver 53.30 1.69 1.12 651
Ryvita 50.50 2.99 1.33 605
Quom 37.80 2.76 1.42 448
Liversausage 37.60 1.77 1.21 456
Blancmange 35.20 2.95 1.37 423
Tofu 34.30 2.60 1.41 416
Yams 34.10 2.68 1.47 408
Soya meat 31.70 2.33 1.32 378
Moussaka 29.20 3.06 1.34 345
Textured vegetable protein 28.70 2.37 1.27 340
Plantains 25.80 2.98 1.65 299
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Appendix 2.1 Published paper using data from Study 2
Public Health Nutrition. 7(2% 295-302 DOl: 10.1079/PHN2003527
Demographic, familial and trait predictors of fruit and vegetable 
consumption by pre-school children
L J Cooke1'*, J Wardle1, EL Gibson1, M Sapochnik1, A Sheiham1 and M Lawson2
1 Department of Epidemiology and Public Health, University College London, Gower Street, London W C 1E 6BT, UK: 
institute of Child Health, University College London, London, UK
Submit!*! 12 May 2003: taspted 31 July 2003 
Abstract
O bjective: To exam ine the  contribution to  fruit an d  vegetable eating in children o f  
potential predictive variables w ithin the  dom ains o f  dem ographics, parental feeding 
practices an d  personality  traits.
D esign: Cross-sectional survey.
Setting: Q uestionnaires w ere  distributed to  paren ts  th rough  22 London nursery 
schools.
Subjects: Q uestionnaires w ere  com pleted  and  re tu rned  by  564 parents o r principal 
caregivers o f 2 -6-year-o ld  children.
Results: Significant predictors o f  children’s  fruit and  vegetable intake em erged from  all
th ree  dom ains exam ined. D em ographic variables associated w ith child’s vegetable
consum ption  w ere  m other's education  and child’s  age and  gender. O nly ethnicity w as
significantly associated  w ith fruit consum ption . Parental consum ption, breast-feeding
an d  early  in troduction to  fruit and  vegetables w ere  related to  intake o f  both . Family
m ealtim es w ere  associated w ith h igher in take o f  vegetables, b u t no t o f fruit. Tw o
characteristics o f  children  them selves (food  n eophob ia  an d  enjoym ent o f  food) w ere
strongly  related  to  th e  consum ption  o f  fruit an d  vegetables. Subsequent multivariate
analyses revealed  tha t parental intake an d  child  food neophob ia  independently
pred ic ted  in take o f  bo th  foods. In the  p resence  o f  these, fruit consum ption w as
affected by  breast-feeding and  early  in troduction  to  fruit, w hereas vegetable j. .
consum ption  w as re la ted  only  to  child’s  g e n d er an d  enjoym ent erf food. Children
C onclusions: T hese findings m ay b e  used  to  inform  fu ture interventions aim ed at ^
increasing ch ild ren’s consum ption  o f  fruit a n d  vegetables. Parents should  b e  m ade
aw are o f  th e  possib le  im pact o f  the ir ow n behav iour o n  the  eating habits o f  their Pndktors
children. Parents
Diets high in fruit an d  vegetables have b een  associated 
with m ultiple health benefits including a reduced  risk o f  
obesity1, cardiovascular d isease2, stroke1, d iabetes4 and  
som e cancers5,6. The W orld H ealth O rganization7 rec­
om m ends peop le  to  eat at least five servings o f fruit and  
vegetables (approxim ately 400 g ) p e r day, and m any 
countries include sim ilar recom m endations  in the ir 
nutrition guidelines8. H owever, in m ost countries, intake 
falls well short o f  these  guidelines9,10, w ith consum ption  
am ong children being  particularly low 11,12.
T here are a num ber o f  reasons w hy  im proving the  d ie t 
o f  ch ild ren  is particu larly  im p o rtan t. M any ea tin g  
behaviours are  initiated in childhood, track over the  
childhood years13 and  persist in to  ad u lthood14,15, in w hich 
case starting from  a better position could provide life-long 
benefits. In addition, there  is grow ing evidence that p o o r 
d iet in ch ildhood can sow  the  seeds o f  serious health 
problem s norm ally associated w ith o lder adults, notably
*Corresponding author: Email l.cookc©public-hcalth.ucl.ac.uk
d iabe tes16, obesity17 and  cardiovascular d isease18. As a 
result, early intervention shou ld  re ap  the  m axim um  health  
benefit.
To develop  effective interventions, it is im portant to  be 
ab le  to  identify both  the  target g roups w h o  are  m ost at risk 
and  th e  factors influencing intake. H igher socio-econom ic 
status, indexed  by e ither occupational status o r edu ­
cational level, is consistently related  to  fruit an d  vegetable 
intake both  in adu lts19,20 and  adolescents21,22. Findings in 
y ounger children  a re  m ore equivocal, a lthough n o  studies 
have reported  a  negative association23-26.
G ender a lso appears to  b e  related  to  fruit a n d  vegetable 
in take in  adults. Men consum e few er fruits and  vegetables 
than  d o  w om en across m any different settings27 -  29. The 
g e n d er pattern ing  in adolescents’ consum ption  is less 
d ear, a lthough w here  differences have been  docum ented  
they  alw ays show  h igher intake in girls30-33. In younger 
age groups, findings are  a lso  m ixed23,34. Overall th e  data
© The Authors 2003
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appear to  show higher intake in females, albeit with some 
developmental fluctuations.
Demographic predictors o f intake indicate the sectors o f 
the population w ho are most likely to  be  at risk o f poor 
nutrition, b u t only indirectly point to  possible processes 
influencing food choices. The most influential aspect of a 
young child’s environment is likely to  b e  the family, and 
the food-related behaviours of parents -  m others in 
particular -  would appear to  b e  a promising area for 
investigation. Parent-child similarities in intake o f fruit 
and vegetables have been found in several studies24-35. 
The powerful influence of maternal eating behaviour may 
even begin during pregnancy, according to  recent 
research which suggests that flavours in the mother’s 
diet are transmitted to  the baby through the amniotic fluid 
and later through breast milk36. Breast-fed babies’ early 
experience with a range of flavours that are absent from 
infant formula milk may facilitate the acceptance of a 
wider variety of foods at the weaning stage.
Parents can further influence their young children’s 
eating habits by controlling w here meals are eaten and 
with whom. Companionship at mealtimes has been  shown 
to  increase children’s intake o f the basic food groups37 and 
regular ‘family dinners’ are associated with healthier 
dietary patterns including more fruit and vegetables in 
9_ 14-year-olds38. This effect remained unchanged after 
adjustment for household income. The authors speculate 
that this is either because foods served at a family dinner 
are less likely to  be ready-prepared foods, or that eating 
together engenders family conversations about healthy 
eating. However, it also seems likely that the opportunity 
to  observe parents and siblings eating and enjoying foods 
encourages children’s consumption o f those foods, since 
modelling effects are  widely docum ented39-41. The 
relationship between parental feeding practices and fruit 
and vegetable consumption warrants further investigation.
While aspects o f the family environment might be 
important, characteristics o f the individual child itself may 
also influence their behaviour. Humans seem to  have a 
predisposition to  reject new foods in favour o f familiar 
ones (termed ‘food neophobia' by Rozin42). Neophobia 
appears to reach a peak in early childhood (age 2 - 3  years) 
and tail off thereafter43. A recent study of North American
9-10-year-olds found that higher levels of food neopho­
bia were associated with less dietary variety, bu t not with 
lower consumption of fruit and vegetables44. O ther eating 
styles may also be related to  more o r less healthy diets. 
Some children appear to be  m ore responsive to  food than 
others, manifested as greater interest in and enjoyment o f 
food45. O n this basis one might expect higher levels o f 
consumption of fruits and vegetables among children w ho 
have a more positive reaction to foods overall.
The literature reviewed here suggests that the determi­
nants o f fruit and vegetable intake in children may 
encom pass demographic and familial factors and  traits o f 
children themselves. However, most studies limit their
LJ Cooke et al.
attention to only one o r two o f  th e  three domains. 
Investigations o f the influence o f  factors in any one 
domain are likely to b e  strengthened by  also taking 
account o f  the others, because they  m ay not prove to  be 
independent. The present study investigated the contri­
bution o f potential predictive variables within the domains 
o f dem ographic characteristics, fam ily feeding practices 
and child traits to  fruit and vegetable intake in a large 
community sample of families w ith y o u n g  children.
M ethod
Procedure
Twenty-two North London nursery schools with a total of 
896 pupils in the age range 2 -6  years w ere  invited to  take 
part in a study o f children's food preferences. The survey 
was publicised with posters displayed In the  nurseries, and 
questionnaires were left for staff to  distribute to parents, 
together with a freepost return envelope. Numbering 
questionnaires and linking these num bers to parents’ 
names in a separately stored file ensured  anonymity for 
participants.
M easures
D emographic characteristics
Respondents were asked their age at leaving full-time 
education. Responses to items covering current employ­
m ent situation (‘not working’, *working part-time’ or 
•working full-time’), possession o f  a  car and housing 
tenure (‘rented from the local authority’, Tented privately1 
or ‘ow ned’) w ere summed to provide a composite 
deprivation/affluence score. Further questions requested 
details o f the respondent’s age and ethnicity (subsequendy 
classified as ‘white Caucasian’ o r ‘o ther’), and their child’s 
age and sex.
C hild’s  a n d  p a ren t’s in take o ffr u it a n d  vegetables 
Frequency o f fruit and vegetable consum ption by both 
parent and child was assessed by asking ‘How often do 
lyouHyour child] eat the following items?’ This was 
followed by  a  list o f six food types, including ‘fruit (fresh 
or tinned)’ and ‘vegetables (including salad but not 
potatoes)’. Possible answers were ‘never’, ‘less than once a 
w eek’, ‘once a w eek’, ‘twice a w eek’, Three times a w eek’, 
‘four times a w eek’, “five times a  w eek’, ‘six times a week', 
‘every day’ o r ‘m ore than once a day*.
P arental feed in g  practices
Family feeding practices w ere m easured using three items 
derived from preliminary interviews with mothers of 
young children: Do the children in your family most often 
eat their evening meal at the same time as the grown-ups?', 
‘Do the  children in your family most often eat the same 
food as the grown-ups?’ and ‘Do the  children in your 
family most often eat in the same place as the grown-ups?*
2 2 1
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Predictors of children’s fruit and vegetable intake
Answers were “yes’ or ‘no’. Possible scores ranged from 0 
to 3. Cronbach’s alpha for this scale =  0.60.
Early feeding was investigated by asking ‘How did you 
feed your child before they began eating solid foods?’ 
Passible responses were ‘breast-fed only’, ‘bottle-fed only’ 
or ‘breast- and bottle-fed’. Parents were asked w hen they 
had introduced each o f a variety o f different fruits and 
vegetables into their children’s diet. In view o f the likely 
difficulty for parents of remem bering exactly w hen 
specific fruits or vegetables had been introduced, age of 
introduction to  fruit was taken to be the earliest age at 
which any fruit w as introduced, likew ise, age of 
introduction to vegetables was derived from the  earliest 
reported introduction to any vegetable.
C hild's food-rela ted  characteristics 
The Child Food Neophobia Scale (CFNS46) is a six-item 
scale (reduced from 10 original items) designed to assess 
the extent to  which children reject unfamiliar foods, e.g. 
‘My child is afraid to  eat things she has never had before’. 
Items are scored on  a 4-point scale from ‘strongly disagree’ 
to  ‘strongly agree' (Cionbach’s alpha =  0.84). The Child 
Enjoyment o f Food Scale from The Children’s Eating 
Behaviour Q uestionnaire  (CEBQ47) (C ronbach’s 
alpha =  0.88) was scored in the same way and includes 
such items as ‘My child loves food’.
Statistical analysis
Data from the questionnaires were analysed using SPSS 
version 10 (SPSS, Inc., Chicago, IL, USA). To normalise dis­
tributions of fiuit and vegetable intake variables for both 
parents and children, the data were appropriately trans­
form ed (sqrt[(*,«„ +  1) -  x )  and k>gio[(Xn»x +  D  “  *1, 
respectively) as recommended by Tabachnik and Fidell48. 
Relationships o f all variables to children’s fruit and 
vegetable intake were assessed by bivariate Pearson’s 
p roduct-m om en t correlation coefficients, /-tests o r 
analyses of variance, as appropriate. Gender differences 
between variable means were examined using indepen­
dent samples /-tests.
Variables having significant univariate relationships with 
fruit and vegetable intake were entered into simultaneous 
multiple regression analyses to determine their relative 
contribution in the presence o f other predictor variables. 
This was done separately for fruit and vegetables in the 
light of evidence that the influences on these two food 
types might be different. To ensure that data from ‘father’ 
and ‘other’ respondents made no material difference to the 
pattern of results, analyses were re-run with data from 
mothers only.
Results
Response rates and sample characteristics
Nine hundred questionnaires were given out to the 
nursery schools, of which 572 were returned (64%). Eight
297
questionnaires were excluded from further analyses as the 
children concerned failed to meet the age criteria for the 
study, resulting in a sam ple size o f 564. Parental 
respondents were aged between 21 and 59 years, with a 
mean o f 36 (standard deviation (SD) 5) years. Three 
hundred and eighty-six respondents (68%) gave their 
ethnicity as ‘white Caucasian’, 105 (19%) as ‘other’ and 
73 (13%) declined to  answer. Five hundred and fifteen 
respondents (90%) were the mother of the child (90%), 
45 the  father (8%), and 12 not reported. Mean age of 
leaving full-time education was 21.3 (SD 3-4) years. Over 
68% of respondents were aged 21 o r over at leaving full­
time education and, as a result, a new  dichotomous 
education variable was created: ‘leaving full-time edu­
cation before the age of 21’ o r ‘leaving full-time education 
after the age o f 21’. Ninety p e r cent o f respondents 
ow ned at least one car. Seventy-six per cent of the sample 
lived in privately ow ned  accom m odation, 13% in 
privately rented and 9% in local authority-rented property. 
Roughly equal p roportions o f respondents w ere 
employed full-time G3%), employed part-time (33%) 
and not working (34%).
Children ranged in age from 24 to 72 months, with a 
mean age of 45.2 (SD 10.1) months. Forty-seven per cent 
(w =  267) o f the children were male, 50% («  =  284) were 
female and 3% («  =  13) did not have a gender specified. 
Prior to  weaning, 35.5% («  =  200) o f children had been 
exclusively breast-fed, 52% (n  =  293) were breast- and 
bottle-fed, and 11.5% (n  =  65) were bottle-fed. The mean 
age at which children had been introduced to their first 
fruit was 4.77 (SD 1.87) months and to their first vegetable, 
6.21 (SD 2.97) months.
Children’s  intake o f fru it and vegetables
In line with the findings o f  previous research, both 
parents’ and children’s reported intakes o f fruit and 
vegetables w ere generally low  (see Table 1). More than 
30% of children ate fruit less than once a day and more 
than 40% ate vegetables less than once a day. There was 
no  gender difference in frequency o f fruit intake 
0(547) =  0.81; P  =  0.42), but boys ate vegetables less 
frequently than girls 0(545) =  2.78; P  =  0.006).
Table 1 Frequency of fruit and vegetable consumption of respon­
dents and their children
Respondents Children
Frequency of fruit consumption, %<n)
Less than once a  day 38.7 (218) 31.4(177)
Everyday 32.8(185) 37.4(211)
More than once a day 27(152) 29.6 (167)
Missing 1.6(9) 1.6(9)
Frequency of vegetable consumption, % (n)
Less than once a day 25.7(145) 40.8(230)
Everyday 46.5(262) 40.6 (229)
More than once a day 26.4(149) 16.7 (94)
Missing 1.4(8) 2.0 (11)
2 2 2
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Factors associated w ith children's intake o ffn d t 
and vegetables
The factors investigated in the  present study are 
considered in three categories: demographic character­
istics, feeding environm ent including behaviour of 
parents, and characteristics o f the child. All univariate 
predictive variables are then included in a multivariate 
analysis.
Demographic characteristics
Parents with more education had children w ho  ate more 
vegetables (A550) =  2.72; P  =  0.007), but no  such effect 
was seen for fruit intake (<(552) =  0.76; / ’ = 0 .45 ). No 
relationship was found between deprivation/affluence 
score and either fruit o r vegetable consumption. Children 
from ‘other’ ethnic groups ate less fruit than did “white 
Caucasian’ children (<(481) =  2.06; P — 0.04) but there 
was no  ethnic difference in vegetable consumption 
0(479) =  1.19; P -  0.24).
P arental feed in g  practices
The amount of fruit o r  vegetables that parents themselves 
reported eating was a strong predictor o f their children’s 
intake, with positive correlations betw een adult’s and 
child's intakes o f vegetables ( r  =  0.49; P  <  0.001) and fruit 
( r =  0.39; P <  0.001).
Family feeding practices (scale mean =  1.92, SD 0.97) 
were modestly correlated with vegetable consumption 
( r =  0.10; P =  0.02), with a trend in the same direction for 
fruit ( r  =  0.08; P  =  0.06) indicating that traditional family 
mealtimes were associated with higher intakes.
The earlier the age that children had been introduced to 
vegetables, the  greater the  child’s current intake 
( r  =  —0.10; P =  0.02). A similar effect was observed for 
fruit ( r — -0 .1 3 ; P =  0.004). Roughly 10% of respondents 
failed to complete this section o f the questionnaire on  the 
grounds that they w ere unable to  recall when they had 
introduced fruit o r vegetables. The analyses were there­
fore re-run after assigning the sample mean to all missing 
values, with no  material difference in the outcome.
Early infant feeding practices also appeared to be 
influential. Children w ho had been exclusively breast-fed 
ate vegetables more often than those w ho had been both 
breast- and bottle-fed, w ho in turn ate them m ore often 
than those w ho  w ere  entirely  bottle-fed (linear 
K1.544) =  11.2; P  =  0.001). The same effect was observed 
for fruit consumption (linear F(l,546) =  16.2; P <  0.001).
C hild characteristics
Older children ate vegetables significantly more often than 
younger ones ( r  =  0.09; P  =  0.03), but there was no 
association between age and fruit consumption.
The tw o eating behaviour characteristics that w ere 
measured were both significantly associated with con­
sumption. Children w ho were more neophobic ate fruit 
less often ( r  =  — 0.16; P  <  0.001) and vegetables less often
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( r =  -0 .2 7 ; P <  0.001) than their peers. Children w ho 
enjoyed food more ate fruit ( r = 0 . l 4 ;  P =  0.001) and 
vegetables more often ( r  =  0.28; P  <  0.001).
M ultivariate anafyses o f  fru it and vegetable intake
In total, 10 variables were found to  be significantly related 
to fruit consumption, vegetable consumption or both (see 
Table 2). Influences were apparent from demographic, 
familial and trait factors and differed somewhat in their 
impact on fruit and vegetable intake. In order to assess 
their individual contribution in relation to  other predictor 
variables, the six variables significantly related to fruit 
intake and the nine related to  vegetable intake were 
entered into separate multiple regression analyses.
M ultivariate predictors o ffr u it consum ption  
Children’s fruit intake was most strongly predicted by 
parental intake. There was a persistent influence o f early 
feeding, with children w ho had been breast-fed eating 
more fruit. Child food neophobia remained a significant 
predictor, as did early introduction to  fruit. These four 
factors accounted for 20% of the variance in consumption. 
In their presence, ethnicity and enjoyment o f food failed to 
contribute significantly to  the variation in intake (see 
Table 3).
M ultivariate predictors o f vegetable consum ption  
The pattern for predicting vegetable consumption had 
some similarities. Again the strongest predictor of child's 
intake w as adult's intake, followed by neophobia. 
Enjoyment o f food and gender also had significant effects, 
together explaining 34% of the variation in intake (see 
Table 4). In contrast to fruit consumption, early feeding 
method (breast or bottle) did not have an independent 
effect in the presence o f these four variables. Similarly, the 
impact o f  child’s age, family feeding practices, age of 
introduction to vegetables and parental education were no 
longer predictive, suggesting that their effects w ere either 
part of, o r mediated by, the effects o f one o f the other 
variables in the analysis.
W hen analyses were repeated on ‘mothers’ only no 
differences were observed except that white ethnicity 
remained a significant independent predictor of fruit 
intake in the multivariate analyses, w here it had dropped 
out when ail respondents’ data were included.
Discussion
The results o f this survey provide further evidence o f the 
low levels o f fruit and vegetable consumption in children, 
with more than one-third o f children failing even to eat 
fruit and vegetables on a daily basis, despite a num ber of 
public awareness campaigns. The findings are broadly in 
line with previous research in this area11-23 and amply 
demonstrate the scale of the problem of poor diet 
in children in the UK. Since respondents typically
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Table 2 Univariate associations (Pearson’s  product-moment correlation coefficients) for potential predictor variables and 
frequency of children’s fruit and vegetable intake*
Variable Frequency of fruit consumption Frequency of vegetable consumption
Demographic characteristics
Sex ol chad 0.04 0.12b
1 =  boy
2 -g ir l
Chad’s age 0.001 0.10*
Ethnicity -0 .09* -0.05
1 => white Caucasian
2 = other
Parents’ education level 0.03 0.12b
1 = leaving full-time education before the age of 21
2 = leaving full-time education after the age of 21
Food environment
Adult Make 049" 0.49*
Early feeding a i 7 <l 0.14*
1 -  no breast-feeding
2 -  some breast-feeding
3 = full breast-feecfing
Age of Introduction to fruit/vegetables -0 .13° -  0.10*
Famty feeding practices 0.08 0.10*
Child characteristics
Child food neophobia (score 6-24) -0 .1 6 1* -  0.27“
Child enjoyment of food (score 4-16) 0.14° 0.28 d
'Significant correlations are NghHghted in bold.
Significantly correialfxl *, P < 0.05:#, P  < 0.01;c. P < 0 .0 0 5 ;P < 0.001 (two-tailed).
overestimate intake o f fruit and vegetables49, the true 
picture could be  even m ore worrying than our figures 
suggest.
Significant predictors o f children’s fruit and vegetable 
intake em erged from all three categories examined. 
Demographic factors associated with greater vegetable 
consumption were mother’s education and child’s age and 
gender. A positive relationship between maternal edu­
cation and child’s fruit intake has b een  reported  
previously24,25 but not with vegetable intake, although 
the  very high average level o f  education  am ong 
respondents in the present study limits the conclusions 
w e are able to draw. The finding o f greater vegetable 
intake in older children may be related to a reduction in 
neophobia that occurs w ith age43. That boys ate 
vegetables less often than girls is consistent with previous 
research with adults29 and children11. However, our
Table 3 Result of the simultaneous multiple regression analy­
sis of univariate predictors of frequency of children’s  fruit 
consumption
Variable
Standard 
B error of B P t P( 0
Adult fruit intake 0.178 0.021 0.35 8.34 0.000
Earfy feeting 0.0S2 0.019 0.12 2.81 0.005
Child food neophobia -0.009 0.004 -0.12 -2.48 0.014
Age of introduction -0.013 0.006 -0.09 -2 .07  0.039
to fruit
Ethnicity -0.056 0.030 -0.080 -1.90 0.058
Child enjoyment of food 0.007 0.005 0.062 1.28 0.200
t -  0.45, r*«  0.20, aflgusted r* «  0.19, R6,458)* 19.3, P <  0.001.
finding applies to  younger children than previous research 
and it seems unlikely that gender differences in health 
beliefs would mediate this result at this age.
Demographic predictors o f fruit intake differed from 
those for vegetables, with the only significant association 
being between ethnicity and fniit intake. Interpretation of 
the finding that ‘white Caucasian’ children eat more fruit 
than ‘other’ ethnic groups is problematic, however, given 
the under-representation o f ethnic minorities in the 
sample.
Parental consumption was a highly significant predictor 
o f both fruit and vegetable intake, which is consistent with 
previous research findings2435. This could be attributed to 
a combination o f factors including modelling effects41, 
availability in the home50 and other aspects of the shared 
environment, as well as genes. However, given the finding 
that children’s food preferences may themselves influence 
the family diet51, a definite causal interpretation is not 
possible. Early experiences with food were also influen­
tial, with associations between breast-feeding and early 
introduction to  firuit and vegetables and child’s intake. In 
addition, family feeding practices w ere associated with a 
higher intake of vegetables though not o f fruit. Lastly, 
characteristics o f children them selves w ere strong 
predictors o f fruit and  vegetable consum ption. As 
predicted, lower food neophobia and greater enjoyment 
of food were related to  higher intakes o f both fruit and 
vegetables.
The results o f the subsequent multivariate analyses 
permit examination o f the relative importance o f the 
factors that influence children’s fruit and vegetable intake
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Table 4 Result of the simultaneous multiple regression analysis of univariate predictors of frequency of 
chMren’s  vegetable consumption
Variable B Standard error of B B f m
Adult vegetable intake 0.278 0.023 0.45 11.93 0.000
Child food neophobia -0.014 0.003 -0.19 -4.49 0.000
Child enjoyment of food 0.013 0.004 0.13 2.95 0.003
Sex of chfld 0.061 0.02 0.11 2.S7 0.003
Family feeding practices 0.013 0.011 0.045 1.21 0.229
Age of Introduction to vegetables -0.004 0.003 -0.043 -1 .17 0.244
Eariy feeding 0.017 0.016 0.039 1.05 0.294
Parental education 0.018 0.022 0.029 0.78 0.434
Age of chid 0.001 0.001 0.029 0.772 0.440
r«  0.58. r2 »  0.34, adjusted r2 -  0.33. F{9,499)« 28.49. P <  0.001.
in the univariate analysis and their relationships with other 
variables. The strongest independent predictor o f chib 
dren’s fruit and vegetable consumption was parental 
intake. In addition, the impact o f child food neophobia 
remained significant for both (though less so for fruit than 
for vegetable consumption). In the presence o f these 
factors, however, significant independent predictors 
differed between fruits and vegetables. For frequency o f 
fruit intake there was a persistent effect o f early feeding 
experiences (breast-feeding and early exposure) w hereas 
the frequency o f vegetable consumption was affected by 
child’s gender and enjoyment o f food. The influence o f all 
other variables was rendered non-significant. Whilst the 
analyses perform ed here do not permit the establishment 
o f  causal relations, they do  indicate that som e variables 
share variance, o r are on a pathway, with one another. The 
relationship betw een these predictor variables warrants 
further investigation. Overall, in  contrast with previous 
research in older children24 which docum ented quite 
separate predictors o f fruit and vegetable consumption, 
the present study found that fruit and  vegetable intake 
were predicted by two factors in common -  food 
neophobia and parental consumption.
Before discussion of the implications and applications 
o f die findings o f this study, a number o f limitations 
require acknowledgem ent Respondents were predom i­
nantly white, middle-class and highly educated. Findings 
cannot therefore be generalised to  less privileged' 
populations. The sample characteristics may have led us 
to  underestimate the extent o f the prevalence o f low fruit 
and vegetable intake and the strength o f the relationship 
with socio-economic status. This assertion requires further 
investigation. A further shortcoming concerns the measure 
used to assess intake o f fruit and vegetables. The scale 
used to assess children’s consumption (from ’never’ to 
‘more than once a day1) was designed to  build on previous 
research findings by illustrating just how far below  
recom m ended guidelines their intake falls. Perhaps 
because of the high socio-economic status o f the majority 
of participants, responses were skewed towards the top 
end o f the scale and we w ere unable to  distinguish any 
very high consumers from average consumers, although 
previous research suggests that very few children eat more
than two daily servings o f fruit and vegetables combined. 
Finally, die reliability o f responses to  items concerning the 
timing o f introduction o f fruit and vegetables during the 
weaning process was questionable and the interpretation 
problematic. Almost 10% of participants failed to complete 
this section on the grounds that they could not remember 
exactly w hen they had introduced certain foods. It is also 
reasonable to  question the likely accuracy of those w ho 
did estimate the timing, to  the nearest month, of an event 
that had taken place as m uch as 5 years previously.
Despite these limitations, a  num ber o f areas for 
intervention are suggested by the results. First, whilst 
awareness o f the importance o f high consumption of fruit 
and vegetables has been the focus o f education campaigns 
in recent years, the relevance of this message to children's 
eating may not have filtered through to  parents and 
requires re-stating. A further area for research concerns 
early feeding practices. The promotion o f breast-feeding 
could include information on  the possible future benefits 
o f a greater acceptance o f fruit and vegetables. The 
strength o f the association betw een children’s intake and 
food neophobia suggests that this trait is an important 
barrier to  food acceptance. The evidence that early and 
repeated taste exposure can reduce neophobia and 
increase acceptance o f foods should inform the guidance 
given to parents during w eaning and into childhood. 
Above all, parents should be m ade aware o f  the potential 
importance o f their own fruit and vegetable intake in 
encouraging their children to  eat a healthy dirt.
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A ppendices
Children’s Dietary Habits Survey 
Health Behaviour Unit 
Department of Epidemiology and Public Health
University College London 
2-16 Torrington Place 
London WC1E 6BT
Instructions
j Most of the questions can  be answerJd by placing a /  in the boxes or by 
| giving short answers in the spaces provided.
Thank you so much for helping with this work. These questions are about 
you and your family. When the questions ask about 'your child' they 
mean the child whose nursery gave you this questionnaire. We know that 
completing questionnaires is time consuming, so w e have tried to keep it 
as short as w e possibly can. Thank you.
Your responses to this questionnaire will be treated in strict confidence.
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A: The:first sectior ks you for some oners 1 matron il
What is your relationship to the child in the nursery? (please / )
Mother Q
Father Q
Other (please state) ....
What age is your child? .years................... .months
Is s/he the (P le a s e /)  oldest LJ youngest O middle □ only Q child.
Is your child? Boy □ Girl □
How many older brothers and sisters does s/he have?
How many younger brothers and sisters does s/he have?
B: The next section a about your W H H
How often does YOUR CHILD cat the following items? (please / )
My child eats this nevei less than once twice three four five six every more than
once a a a times times times times day once
week week week a week a week a week a week a day
Fruit (fresh or tinned) □ □
□□
□ □ □ □ □ □
Vegetables (including □ □
□n
□ □ □ □ □ □
salad but not potatoes)
Meat or fish □ □ □  □ □ □ □ □ □ □
(any kind)
Cakes, biscuits, □ □ □  □ □ □ □ □ □ □
sweets or chocolate
Rice, Potatoes □ □ □  □ □ □ □ □ □ □
or Pasta
Eggs □ □ □  □ □ □ □ □ □ □
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How often do YOU eat the following items? (Please/)
I eat this never less than
once a 
week
once
a
week
twice
a
week
three 
times 
a week
four
times
week
five 
times 
a week
six 
times 
a week
every
day
more than 
once 
a day
Fruit (fresh or tinned) Q  Q □ □ □ □ □ a □ □
Vegetables (including ID Q  
salad but not potatoes)
□ a □ a □ a a □
Meat or fish (D Q  
(any kind)
□ a a a a □ a □
Cakes, biscuits, Q  Q  
sweets or chocolate
□ a a a a a a □
Rice, Potatoes Q  Q  
or Pasta
□ □ a a a □ a a
Eggs Q  Q □ a a a a a a □
Do the children in your family most often? (please / )
eat their evening meal at the same time as the grown-ups? Yes □ No □
eat the same food as the grown-ups? Yes a No □
eat in the same place as the grown-ups? Yes □ No □
• eat with their brothers and/or sisters? Yes □ No □
Do you have any restrictions on things you eat? (please/)
Yes, Vegetarian Q
Yes, Religious restrictions 0 (please give details) ..
Yes, Health Ql (please give details) . . . .
Yes, other 01 (please give details) ..
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Which of the following things do you think might cause your child to take a dislike to a particular food?
(P lea se /)
Bad first experience Yes a No □
Colour Yes □ No □
Texture (e.g. lumpy, bits) Yes □ No □
Taste Yes □ No □
Inherited dislike Yes □ No □
Allergy Yes a No Q
Smell Yes a No □
Copying other children Yes □ No a
Too fixated on sweet things Yes □ No a
Started eating it too late Yes a No a
Fussy about everything Yes □ No □
Being ill after eating it Yes a No □
Other (please specify)
How did you feed your child before they began eating solid foods? (Please / )  
Breast fed only Q  Bottle fed only Q  Breast and bottle fed Q
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Thinking back to times when your child has not wanted to eat something you wanted them to eat, which of 
the following methods have you ever used to try to encourage them to eat the food? (please ✓)
Tell your child the food is ‘good for you’? Yes □ No a
Tell your child that if they eat
it they will make you happy ? Yes □ No a
Offer a sweet pudding or sweets as a reward ? Yes □ No a
Not let them leave the table until
they eat it ? Yes □ No □
Praise them if they do eat it ? Yes a No a
Offer an activity they like as a reward ? Yes □ No □
Prepare the food in a different way ? Yes □ No □
Make sure they are really hungry before
a meal which will contain that food ? Yes □ No □
Mix it in with something they do like ? Yes □ No a
Encourage them just to taste it? Yes a No a
Offer the food several days in a row ? Yes a No a
Turn eating into a game ? Yes □ No a
Get angry or shout ? Yes □ No □
Express disappointment ? Yes □ No a
Pretend to, or actually, eat the food yourself ? Yes □ No □
Assure them that they will like it ? Yes a No Q
Other (please specify)
A ppendices
How useful do you think each of these methods are at getting your child to eat the food you want them to 
eat ? Please ring one number for each method.
1= not at all useful 2= not very useful 3= useful 4= very useful
not at all useful--------------------- very useful
Tell your child the food is ‘good for you’ ? 1 2  3 4
Tell your child that if they eat it they will make you happy? 1 2  3 4
Offer a sweet pudding or sweets as a reward? 1 2  3 4
Not let them leave the table until they eat it? 1 2  3 4
Praise them if they do eat it? 1 2  3 4
Offer an activity they like as a reward? 1 2  3 4
Prepare the food in a different way? 1 2  3 4
Make sure they are really hungry before
a meal which will contain that food? 1 2  3 4
Mix it in with something they do like? 1 2  3 4
Encourage them just to taste it? 1 2  3 4
Offer the food several days in a row? 1 2  3 4
Turn eating into a game? 1 2  3 4
Get angry or shout? 1 2  3 4
Express disappointment? 1 2  3 4
Pretend to, or actually, eat the food yourself? 1 2  3 4
Assure them that they will like it? 1 2  3 4
Other (please specify) ........................................................................... 1 2 3 4
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At about what age (in months) did you first give each of the following foods to your child?
(please write age in month)
Please answer these questions by circling the number that best describes how often the statement 
is true ABOUT YOU
1= strongly disagree 2= disagree 3= agree 4= strongly agree
strongly disagree----------------------- strongly agree
I am constantly sampling new and different foods 1 2  3 4
I don’t trust new foods 1 2  3 4
If I don’t know what is in a food, I won’t try it 1 2  3 4
I am afraid to eat things I have never had before 1 2  3 4
I am very particular about the foods I will eat 1 2  3 4
I will eat almost anything 1 2  3 4
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Please answer these questions by circling the number that best describes how often the statement 
is true ABOUT YOUR CHILD
1= strongly disagree 2= disagree 3= agree 4= strongly agree
strongly disagree------ —strongly agree
My child loves food 1 2 3 4
My child doesn’t trust new foods 1 2 3 4
My child enjoys eating 1 2 3 4
My child has a big appetite 1 2 3 4
My child leaves food on the plate at the end of a meal 1 2 3 4
If my child doesn’t know what is in a food, s/he won’t try it 1 2 3 4
My child is interested in food 1 2 3 4
My child looks forward to meal times 1 2 3 4
My child is afraid to eat things s/he has never had before 1 2 3 4
My child will eat almost anything 1 2 3 4
My child gets full up easily 1 2 3 4
My child is very particular about the foods s/he w ill eat 1 2 3 4
My child is constantly sampling new and different foods 1 2 3 4
My child gets full before his/her meal is finished 1 2 3 4
S f n l t e  8 quest'ons abqut;your opinion of your child s fru it and vegetable
Much too 
little
Thinking about how much fruit vour child eats,
do you think your child eats? Q
Too little 
□
About
right
□
Too much Much 
too much
□  □
Thinking about how much vegetables vour
child eats, do you think your child eats? Q □ □ □  □
Not at A bit Quite Very 
all a lot much
Do you worry about how much fruit your child eats? □  □  □  □
Do you worry about how much vegetables your child eats? □  □  □  □
236
Appendices
Please answer the next Questions bv ticking the box that best describes YOUR CHILD
Certainly Sometimes Not
true 1true true
My child tends to be shy □ □ □
My child cries easily □ □ □
My child tends to be somewhat emotional □ □ □
My child makes friends easily □ □ □
My child often fusses and cries □ □ □
My child is very sociable □ □ □
My child takes a long time to warm up to strangers □ □ □
My child gets upset easily □ a □
My child reacts intensely when upset □ □ □
My child is very friendly with strangers □
H ’c'-'cfatiririihfl
□
.'Kitct-'SS
□
Have you ever received advice about you child’s
(please / )
eating habits from any of the following sources?
Family Yes □  No □ Magazine Yes CJ No G
Friends Y es Q  No 0 Radio Yes □  No □
GP Yes □  No □ Television Yes Q  No 0
Other parents Yes Q  No 0 Midwives Yes CJ No CJ
Baby Clinic Yes Q  No Q Health Visitors Yes □  No □
Other (please give details)
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£ x £ f e £ S S n t ? a b ° Ut
your child’seatinc patterns. Please tick one
Disagree Slightly
disagree
D o not agree 
or disagree
Slightly
agree
Agree
When my child does not finish dinner, 
s/he should not get dessert
□ □ □ □ □
My child should always eat all o f the food  
on his/her plate
□ □ □ □ □
Generally, my child should only be 
allowed to eat at set meal times
□ □ □ □ □
My child often has to be strongly encouraged 
to eat things that are good for him/her
□ □ □ □ □
My child should be told o ff for playing or 
fiddling with food
□ □ □ □ □
I have to be especially careful to make sure 
my child eats enough
□ □ □ □ □
Generally, it is OK for my child to snack 
and I don’t worry about it
□ □ □ □ □
H: F ih a l l^ o m e  details about yourself ; V 'A- V ■ 1
How old are you?
Are you (P lea se /)  MaleCJ FemaleQ
Which ethnic group do you consider yourself to be a member of?
At what age did you leave full time education? (e.g. school or college) ...........................................
What kind of accommodation do you and your children live in? (Please / )
Privately rented Q  Council rented Q  Privately owned Q
About work: are you currently (Please / )
Employed full-time CJ Employed part-time CJ Not employed □
Does your household have a car? (Please / )
Yes □  No □
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A bstract________________________________________________________________
Background: Previous research has documented a negative association between maternal report 
of child food neophobia and reported frequency of consumption of fruit, vegetables, and meat. This 
study aimed to establish whether neophobia is associated with lower intake of these food types in 
naturalistic mealtime situations.
Methods: One hundred and nine parents of 4-5 year olds completed questionnaires which 
included a six-item version of die Child Food Neophobia Scale (CFNS). The children took part in 
a series of 3 test lunch meals at weekly intervals at school at which they were presented wide 
chicken, cheese, bread, cheese crackers, chocolate biscuits, grapes and tomatoes or carrot sticks. 
Food items served to each child were weighed before and after the meal to assess total intake of 
items in four categories: Fruit and vegetables. Protein foods. Starchy foods and Snack foods. 
Pearson Product Moment Correlations and independent t tests were performed to examine 
associations between scores on die CFNS and consumption during lunches.
Results: Neophobia was associated with lower consumption of fruit and vegetables, protein foods 
and total calories, but there was no association with intake of starch or snack foods.
Conclusion: These results support previous research that has suggested that neophobia impacts 
differentially on consumption of different food types. Specifically it appears that children who score 
highly on the CFNS eat less fruit, vegetables and protein foods than their less neophobic peers. 
Attempts to increase intake of fruit, vegetables and protein might usefully incorporate strategies 
known to reduce the neophobic response.
Background
Food neophobia is defined as avoidance of, and reluc­
tance to taste, unfamiliar foods [1,2]. It might be assumed 
that such a behaviour pattern would have negative dietary 
consequences in terms of the variety of foods consumed 
although logically, a highly neophobic child need not 
have a limited dietary repertoire provided that he/she has
previously been familiarised with a wide range of foods. 
In recent years there has been increasing interest in docu­
menting the impact of neophobia on the quality and vari­
ety of young children's diets.
Some researchers have investigated the relationship 
between food neophobia and the number of foods served
Page 1 of 6
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by parents or tried, liked and disliked by children. In two 
studies of Swedish families with children aged from 2 to 
17 years old, Koivisto Huisti and colleagues found that 
higher neophobia was associated with fewer uncommon 
foods being served and fewer foods being tried [3,4]. like­
wise, a study of North American 2-8 year olds found that 
neophobia was negatively related to the number of foods 
liked and positively related to the number of foods dis­
liked |5],
Other studies have examined the relationship between 
neophobia and consumption of specific food types. In the 
USA a study of seventy 9-10 year olds examined energy 
and nutrient intake as well as consumption of servings 
from the major food groups and found that neophobic 
children consumed more saturated fiat and had less die­
tary variety [6] although they did not differ from average 
or neophilic children in number of servings of any food 
group consumed. However, the small sample size in this 
study may have limited its power to detect differences.
In a large-scale survey of the eating behaviours of 2-6 year 
old British children, we found that parent-reported fre­
quency of fruit and vegetable consumption was strongly 
inversely related to child food neophobia [7]. This inverse 
relationship also held for meat and fish consumption, but 
not for starchy foods or for sweet or fatty snack foods [8].
The only other study to examine the relationship between 
child food neophobia and intake of specific food items is 
noteworthy because of its inclusion of an additional 
measure of pickiness [9]. Parents of 7-year-old gjris com­
pleted measures of both characteristics as well as a meas­
ure of vegetable consumption. When considered 
separately, neophobia and pickiness were inversely 
related to vegetable consumption and girls who were both 
'picky* and neophobic ate significantly fewer vegetables 
than those who were neither. Definitions of pickiness vary 
somewhat, but because behaviours associated with the 
label include rejection of certain foods or food types and 
acceptance of a very limited range of foods, considerable 
overlap with the construct of neophobia seems plausible 
However, neophobia and pickiness were only modestly 
correlated in this sample and the authors concluded that 
the two are distinct behavioural concepts.
Although limited, the research that has been undertaken 
in this area points to a detrimental effect of neophobia on 
children's eating habits. Specifically, it appears that chil­
dren who are more neophobic may eat less fruit and veg­
etables, more fat and less varied diets than their more 
neophilic peers. However, a limitation of research to date 
is that both child food neophobia and food consumption 
have been assessed using parent report which may be sus­
ceptible to sodal desirability bias. In addition, respond­
ents may be affected by a drive for consistency in their 
answers, for example, having reported that their child ate 
certain "healthy' foods infrequently, they might respond 
more negatively to items concerning their child's willing­
ness to try foods. It is important to establish whether food 
neophobia impacts on consumption of these food types 
measured objectively in real mealtime situations.
The aim of the present study was to investigate the rela­
tionship between CFNS scores and food intake in 4-5 year 
olds during specially prepared school lunches. Based on 
previous findings, we predicted that higher scores would 
be negatively related to consumption of fruit, vegetables 
and meat/foods of animal origin but unrelated to intake 
of starchy or snack foods.
Methods
Participants and procedure
Children aged 4 to 5 years old in five classes at four Lon­
don primary schools were recruited to a study of chil­
dren's eating behaviour. Information sheets, consent 
forms and questionnaires were sent home to parents. 
Those who wished to participate completed consent 
forms and questionnaires and returned both to their 
child's class teacher. The questionnaire included the six- 
item version of the Child Food Neophobia Scale (CFNS; 
(10]) that we have used in previous research [7,8]. The 
original CFNS is a 10-item scale to measure children's 
willingness to sample new foods, scores on which corre­
late highly with behavioural measures of neophobia. Four 
items were excluded on the basis that they were innapro- 
priate for the age range of our sample (e.g. ’My child likes 
to eat in ethnic restaurants). The six remaining items were: 
"My child does not trust new foods", "If my child doesn't 
know what's in a food, s/he won't try it", "My child is 
afraid to eat things s/he has never had before", ‘My child 
will eat almost anything* (reverse scored), "My child is 
very particular about the foods s/he will eat* and "My 
child is constantly sampling new and different foods* 
(reverse scored). Responses are on a 4 point scale from 
'strongly disagree' to ‘strongly agree'. Higher scores indi­
cate higher neophobia. Cronbach's alpha for the 6-item 
version was 0.92 in this sample.
Children’s food intake was recorded over 3 'test' lunch­
time meals at school at weekly intervals. The study was 
part of a three-day repeated measures study of intake reg­
ulation, so on two out of the three days (Days 2 and 3), 
children were given a 200 ml orange squash drink prior to 
lunch. On one day this squash contained 5 kcal and on 
the other day the squash contained 174 kcal; drink condi­
tions were counter-balanced across days. On Day 1 chil­
dren received no preload drink, forming a control 
condition. Children participated in all conditions provid­
ing they were present on the day in question. Actions
Page 2 of 6
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taken to account for the preload design are described in 
the Results section.
The test meal comprised weighed portions of chicken 
slices, cheese, bread roll with margarine, cheese crackers, 
chocolate biscuits, grapes and tomatoes or carrot sticks, 
served cold and presented to each child in an individual 
compaitmented container. Tomatoes had been planned 
for all meals, but in the first class visited, a large number 
of children reported disliking tomatoes, so children in the 
remaining 4 classes were given sticks of raw carrot instead. 
To maintain consistency, children in the first class were 
given tomatoes at all subsequent meals. Children were 
not required to 'dean their plates, but were told to eat as 
much or as little of the meal as they wished.
Extra pre-weighed portions of bread rolls were offered 
when children had finished their original servings and 
unlimited water was provided. Children were observed 
throughout the meals in order to ensure that food was not 
shared. Children raised their hand to indicate when they 
had finished their meal and containers were then col­
lected by researchers and sealed. Foods were subsequently 
weighed to establish intake in grammes of each food type. 
Energy content (kcal) of processed foods (chicken slices, 
cheese slices, cheese crackers, and chocolate biscuits) was 
calculated using manufacturers' information. McCance 
and Widdowson's The Composition of Foods' (11] was 
used to calculate energy content of the remaining foods 
(bread, grapes, tomatoes and carrots).
Results 
Response rates
Of the 149 children eligible to take part in the study, 120 
were present on at least one of the three days of the study. 
Questionnaires were returned by 90.8% (109/120) of the 
participating children's parents and data from this group 
are used here to analyse the relationship between neopho­
bia and food intake.
Participant characteristics
Among the participating children for whom question­
naire data were available (n -  109), 50.5% were male and 
49.5% female, and the mean age was 5.0 years (SD 0.39). 
Characteristics of parents who completed questionnaires 
(n = 109) are presented in Table 1. Almost all were moth­
ers and most were reasonably affluent well-educated, 
white homeowners.
Child food neophobia
Children's mean score on the CFNS was 1.64 (s.d. 0.73). 
Boys scored higher than girls (boys: 1.75, s.d. 0.80, girls:
1.52, s.d. 0.63) but this difference was not statistically sig­
nificant Neophobia did not vary according to child age, 
or SES as indexed by parental education level, home own-
Table I: Parent characteristics (n a 104)
n X
G ender
Male 3 28
Female 106 97 2
Education
None 1 0.9
GCSE or equivalent 31 28.4
A level or equivalent 27 24.7
Defree level o r higher 45 41.4
Other 3 2.8
Missing 2 18
Ethnicity
White Caucasian 82 75.2
South Asian (Indian/Pakijtani) 13 11.9
Black (African/Caribbean) II 10.1
Other 3 28
H om e ownership
Own home/buying 9S 87.2
Renting 10 9.2
Other 3 2.7
tossing 1 0.9
Annual household incom e
< £30,000. 24 228
£30.000 -  £59,499 36 33.0
> £60.000 17 15.6
Missing 32 29.4
ership or annual household income. There were also no 
differences in neophobia between white children (n • 84) 
and those from other ethnic groups (n -  25).
Food Intake
Average meal intake of individual items was calculated. 
Where data were missing for one or more days, means 
were based on the remaining days. In the majority of cases 
(73.4%), no data were missing; 23 cases (21.1%) had one 
day missing and 6 cases (5.5%) had two days of data miss­
ing. The magnitude of the associations in the main corre­
lational analyses were unchanged when incomplete cases 
were excluded so analyses with the full sample were used 
to increase power and are reported here.
Table 2 gives means and standard deviations (in grammes 
and idlocalories) for intake of individual food items and 
for total calorie intake. Means for tomatoes and carrots are 
based on reduced numbers because tomatoes were offered 
only in one school class. Means for chicken and cheese 
exclude data from four vegetarians who were given two 
portions of cheese, but no chicken.
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Table 2: Descriptive statistics lor food items offered and consumed over three test days (n * 109)
Food item Mean grams offered
<«.*)
Mean kcal offered (s.d.) Mean grams consumed 
range (s.d.)
range
Mean kcal consumed 
(*•«*.)
Tomatoes'
Carrots2
Grapes
Bread rots
Mini cheese biscuits
Mini chocolate biscuits
Chicken2
Cheese4
Total
99.8 (4.62) 87.1- I0 S .)
54.2 (0.91) 5 2 .0 - 56.6
96.7 p .  19) 93.0- 110.1 
53.5(5.13)44.1 - 7 3 3
35.2 (2.78) 33J  -  48.6
50.5 (108) 35.5 -  53. /
53.5 (3.43) 4 2 0 -  727
48.4 (254) 43.3 -  64.1
410.5 (21.89) 368.1 -475.4
18.0 (083) 15.7 - 18.9 
I9.0(0J2) I 8 J - I 9 . 8  
63.7(206)60.0 -  71.0 
143.6 (13.74) I I 8 . I - I 9 7 j0 
191.6(14.72) 177.4 -  257.0 
260.4(10.75) 183J  (274.0) 
74.4(4.01) 49.1 -85.1  
198.5(10.42) 177.4 -  2629
954.5 (33.79) 8 5 2 8 -
1085.4
SS (13.84)0-51^
9 3  (1298) 0 -5 4 .5 /
30.8 (32.05) 0 -  105.2 
27.4(18.40) 0.3 -  73.5
143(11 .31)0-363
33.7 (15.00) 0  -  524
23.9 (19.88) 0-5 -  765 
163(15 .30)0-526
1553(6388)55.4-396.0
1 .0 (2 4 9 )0 -9 3  
3.3(4.54)0-19.1 
19.9(20.66)0-67.8 
73 .4(4930)0.9- 197.0 
76 .6 (5981)0-1922
179.0 (82.49) 0 -270 .4  
27 .9(23.26)03-763 
66.8(6273)0-215.7 
4428 (158.37) 623 -  925.8
<n= 14, fe = 95
2n = 105 (excluding 4 vegetarians, who were not offered chicken)
4n = 105 (excluding 4 vegetarians, who were offered an extra portion of cheese to  replace their portion of chicken)
Individual food items were combined into four groups 
reflecting their role in a balanced diet: grapes and carrots/ 
tomatoes (Fruits and vegetables), chicken and cheese 
(Protein foods), bread rolls (Starchy foods) and chocolate 
biscuits and cheese crackers (Snack foods). Consumption 
of foods consumed within categories was calculated. Dis­
tributions of intake of several individual items and food 
groups were slightly skewed, but repeating the analyses 
either using non-parametric tests or with log transformed 
variables made no difference to the findings. The results of 
parametric analyses are therefore reported here for con­
sistency with the descriptive data.
Independent t tests were used to examine gender differ­
ences. Boys' intake of chocolate biscuits was significantly 
greater than that of giris' (t( 107) -  3.46, p < 0.01), but no 
other gender differences were observed. Further analyses 
were therefore carried out on the whole sample.
Relationship between neophobia and food consumption
Pearson product moment correlations were calculated to 
examine the relationship between scores on the CFNS and
consumption (in grams) of each of the four food catego­
ries and total kiiocalories consumed (seeTable 3). Adjust­
ing for child age, SES variables and ethnicity made no 
difference to results.
Neophobia was associated with significantly lower con­
sumption of grapes and tomatoes/carrots and of chicken 
and cheese. In addition, children who were more neopho­
bic consumed fewer calories overall. Neophobia was not 
significantly related to intake of bread rolls or snacks. In 
order to check whether differences in intake patterns sim­
ply reflected the fact that neophobic children consumed 
less calories overall, we re-calculated correlations between 
neophobia and each food group controlling for overall 
intake. The inverse correlations between neophobia and 
both 'fruit and vegetables' and protein foods were slightly 
reduced but remained significant. The small positive cor­
relation between snack intake and neophobia increased 
slightly, but still did not reach statistical significance We 
therefore report only the unadjusted analyses.
Table 3: Correlations between sco rn  on th« Chad Food Neopbobia Scale (CFNS) and consumption of food during school lunches, 
grouped by type
Intake Correlation with CFNS score
Fruits f t  vegetables:
Grapes and tomatoes/carrots (g) -0.27**
Protein foods:
Chicken and cheese (g) -034**
Snack foods:
Chocolate 8  cheese biscuits (j) 004
Starch:
Bread rolls (g) -0.13
Total calories -023*
**p < 0.01. *p< 085
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We also wished to test for any effects of the preload, and 
so the correlational analyses were re-iun in a number of 
ways. First we conducted separate correlations using data 
from each day of the study, controlling for preload eneigy 
intake in the case of Days 2 and 3. To increase power, we 
also combined cases by condition, such that separate cor* 
relations were conducted first for all children participating 
in the low energy preload condition on Day 2 or 3, then 
for all children participating in the high energy preload 
condition on Day 2 or 3. Re-conducting the analyses in 
each of these ways made no difference to the pattern of 
results.
In order that we might examine differences in intake 
between children who were more or less neophobic we 
divided participants at the median CFNS score (1.50) and 
compared means between low and high neophobia 
groups using independent t tests. The pattern of results 
was the same as for the correlational analyses, with the 
high neophobia group consuming less fruit and vegeta­
bles, protein and total calories than the low neophobia 
group (see Table 4).
Discussion
These results support the findings of previous research 
indicating that neophobia impacts differentially on con­
sumption of different foods |7-9]. Specifically, children 
who scored highly on the Child Food Neophobia Scale ate 
less of foods in fruit and vegetable, and protein categories 
in a test meal as well as consuming fewer calories in total. 
This suggests that neophobic children may have less 
healthy diets overall than their less neophobic peers. 
These findings extend previous research by using direct 
observation of children's intake rather than relying on 
parent report.
The results are consistent with an evolutionary explana­
tion for the trait of neophobia as a protective mechanism 
against the possibility of accidental poisoning (12] since 
plant and animal foods pose the most significant risk to 
children. However, although rejection of unfamiliar foods 
of these types is easily explicable in these terms, avoidance 
of familiar foods is less so, the latter being more character­
istic of 'piddness' than of neophobia. In ail likelihood, 
children in the present study had previously encountered
the categories of foods presented to them since all are com­
monly eaten by British children, although it is possible 
that they were unfamiliar with the particular variety of 
some or all of the foods offered.
Our results offer up the possibility that, notwithstanding 
the findings of Galloway and colleagues [9], neophobia 
and pickiness may be closely linked constructs and that 
the tendency to reject novel foods goes hand in hand with 
the tendency to reject less palatable, familiar foods. In the 
development of the Children's Eating Behaviour Ques­
tionnaire (CEBQ; [13]), Wardle and colleagues found that 
"food fussiness", a single factor encompassing both picky 
and neophobic behaviours emerged from Principal Com­
ponents Analysis, supporting this proposal. It is also 
worth noting that despite achieving a Cronbachs' alpha of 
0.92 in this sample, the six-item CFNS includes two items 
which would appear to measure picky, not neophobic 
behaviours:" My child is very particular about the foods 
he/she will eat* and ‘My child will eat almost anything* 
(reverse scored). Since research to date has failed to make 
the unfamiliar/familiar distinction when examining the 
relationship between neophobia and food intake, we can­
not be sure that reported associations are not the result of 
confounding between neophobia and piddness. Future 
research should examine the independent impact of neo­
phobia and piddness, if any, on willingness to try both 
familiar and unfamiliar foods in all major food groups, a 
task that would be facilitated by a more comprehensive 
measure of selective eating behaviours.
The finding of an inverse relationship between overall 
energy intake and neophobia requires discussion. It 
would appear that although neophobic children may 
have less healthy diets than their more neophilic peers in 
terms of the quantity of fruit and vegetables consumed, 
they do not compensate for their lower intake by eating 
more of foods in other categories; in this study, bread and 
snacks. These findings suggest that neophobia may be 
assodated with lower risk of obesity, although we were 
unable to examine this possibility in the present study. 
The relationship between neophobia and adiposity in 
childhood warrants further investigation.
Table 4: Mean (tut.) intake o f foods from  4 (roups and to tal IcBocalories consumed, by neopbobia status
High neopbobia (n »  52) Low neophobia (n = 57)
Fruit and vegetables (g) 3081 (3021)* 4734 (38.96)*
Protein  (g) 2939(2334)** 47.66 (2737)**
Starch (g) 29.87(1806) 24.65 (I83S)
Snacks (g) 4032(21.12) 49.72 (2037)
Total energy (kcal) 405.33 (149.98)* 477.02 (159.34)*
Significance of (fiderence * p < 0.05, **p < 0.005
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We acknowledge a number of limitations to the present 
study. Although the setting for the study was ’natural' in 
the sense that the meals took place in schools at the usual 
time, children ate in their classrooms rather than in 
school dining rooms for the study period and the foods 
provided were not those usually served as part of school 
meals, although they were similar to typical packed 
lunches brought from home [14]. In addition, because 
this was part of a larger study of children's eating, children 
were aware of being observed by the researchers. Thus 
'test' meals differed somewhat in content procedure and 
atmosphere from normal school meals. Perhaps most 
importantly, lunches were preceded by low or high energy 
fruit flavoured soft drinks as part of a caloric compensa­
tion experiment. Nevertheless, there is no strong reason to 
hypothesize that relative consumption of different food 
types would be affected by this manipulation. Birch and 
colleagues (15) found no evidence for macronutrient-spe- 
cific compensation in preschool aged children and the 
orange flavour drink used in the present study did not 
resemble any of the foods provided in the lunch, making 
any sensory-specific satiety effects unlikely. Finally, it 
would be helpful in future studies to include a measure of 
children's familiarity with and liking for the foods offered. 
This would permit us to evaluate whether differences in 
food intake observed are a product of simple preference 
rather than of neophobia.
Conclusion
Whether in isolation or as part of a wider pattern of picky 
eating, our results suggest that neophobia is associated 
with less healthy food choices in children. Children with 
higher levels of neophobia as reported by their parents ate 
less fruit vegetables and protein foods than their less neo­
phobic peers. This study contributes to the existing litera­
ture in a number of ways. Firstly, in examining the 
relationship between parental rating of neophobia and 
actual mealtime food consumption, we have eliminated 
the problems of response bias and social desirability 
inherent in parental reports of children's food intake. Sec­
ondly, our findings highlight a lack of clarity that persists 
concerning classification of children's problematic eating 
behaviours and the need for better instruments with 
which to measure them. Finally, an important implication 
of our results is that attempts to increase intake of fruit, 
vegetables and protein could usefully incorporate strate­
gies known to reduce the neophobic response, particu­
larly modelling and taste exposure [16-19],
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Appendix 3.3 Confirmation of ethics approval for Study 3B
University College London Hospitals
NHS Trust
NHS
Committee A Co- Chairmen:
Mr M Harrison and Dr R MacAllister
Please address all correspondence to: 
Ms Marieta Odendaal - Ethics Administrator 
Email: iwona.nowicka<a)uclh. ora
21 August 2002
The Joint UCL/UCLH Ethics Committee 
Research & Development 
1** Floor, Vezey Strong Wing 
112 Hampstead Road 
London NW1 2LT 
Tel: 020 7380 9579 
t Fax: 020 7380 9937
Website: w w w .uclh.oru
: Our Ref: RM/mo/02A041
Professor Jane Wardle 
Department of Epidemiology and Public Health 
Royal Free and UCMS 
UCL J
Dear Professor Wardle
REC Ref No: 
Title: Influence of parental control over feeding on food and weight related outcomes
in nursery school age children
The Chair of the Joint UCL/UCLH Committees on the Ethics of Human Research has considered 
your response to the issues raised by the committee at the earlier review of your application. The 
documents considered were as follows:
Revised application form 
Food Diary
Explanatory letter accompanying questionnaire phase 1
Explanatory letter accompanying questionnaire phase 2
Explanatory letter with parental consent form for classroom work
Parental consent form
Diet in pre-schoolers survey leaflet
Protocol
Health and Safety Document 
Questionnaire
The Chair, acting under delegated authority, is satisfied that your response has fulfilled the 
requirements of the committee. Your are therefore given approval for your research on ethical 
grounds providing you comply with the conditions of approval set out below:
• You do not recruit any research subjects unless you have received a notification of no objections 
from the R&D office.
• You do not undertake this research until the relevant Trust management approval has been 
received (via the R&D office).
• You do not deviate from, or make changes to, the protocol without prior written approval of the 
REC, except where this is necessary to eliminate immediate hazards to research participants or 
when the change involves only logistical or administrative aspects of the research. In such cases 
the REC should be informed within seven days of the implementation of the change.
You complete and return the standard progress report form to the REC one year from the date
I j P I  UCL Hospitals is an NHS Trust incorporating the Eastman Dental Hospital, Elizabeth Garrett Anderson 
and Obstetric Hospital, Hospital for Tropical Diseases, The Heart Hospital, The Middlesex Hospital, 
hospitals National Hospital for Neurology & Neurosurgery and University College Hospital.
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on this letter and thereafter on an annual basis. This form should also be used to notify the REC 
when your research is completed and in this case should be sent to this REC within three months 
of completion.
• If you decide to terminate this research prematurely you send a report to the REC within 15 days, 
indicating the reason for the early termination.
• You advise the REC of any unusual or unexpected results that raise questions about the safety 
of the research.
• The project must be started within three years of the date of this letter.
NHS REC is compliant with the International Conference on Harmonisation/Good Clinical Practice 
(ICH GCP) Guidelines for the conduct of trials involving participation of human subjects.
Your application has been given a unique reference number please use it on all 
correspondence with the REC.___________________________________________
Yours sincerely
Dr R MacAllister / Ms M Odendaal 
Chair I Administrator
Enclosure: REC Response Form
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Appendix 4.1 Confirm ation of ethics approval for Study 4
The Graduate School
University College London 
Gower Street London WC1E6BT
P ro fesso r David B ogle Tel: 020 7679 7844
Head of the Graduate School Fa*: 020 7679 7043
Email: oradschoolhead@ucl.ac. uk
26 July 2005
Professor Jane Wardle
Director of CRUK Health Behaviour Unit
Department of Epidemiology and Public Health
UCL Health Behaviour Unit
Brook House
2-16 Torrington Place
London
WC1E6BT
Dear Professor Wardle
Re: Notification of Ethical Approval
Project ID: Eating Behaviour Study
The above research has been given ethical approval following review by the UCL Committee 
for the Ethics of non-NHS Human Research for a period of 12 months from the 
commencement of the project (26 July 2005).
Approval is subject to the following conditions:
1. It is a requirement of the Committee that research projects which have received ethical 
approval are monitored annually. Therefore, you must complete and return our ‘Annual 
Continuing Review Approval Form’ PRIOR to the 26 July 2006. If your project has 
ceased or was never initiated, it is still important that you complete the form so that we 
can ensure that our records are updated accordingly.
2. You must seek Chair’s  approval for proposed amendments to the research for which this 
approval has been given. Ethical approval is specific to this project and must not be 
treated as applicable to research of a similar nature. Each research project is reviewed 
separately and if there are significant changes to the research protocol you should seek 
confirmation of continued ethical approval by completing the ‘Amendment Approval 
Request Form’.
The forms identified above can be accessed by logging on to the ethics website homepage: 
http://zzz.grad.uci.ac.uk/ethics/ and clicking on the button marked ‘Key Responsibilities of the 
Researcher Following Approval’.
3. It is your responsibility to report to the Committee any unanticipated problems or adverse 
events involving risks to participants or others. Both non-serious and serious adverse 
events must be reported.
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Letter to Professor Wardle 26/7/2005
Reporting Non-Serious Adverse Events.
For non-serious adverse events you will need to inform Ms Helen Dougal, Ethics 
Committee Administrator (h.dougai@ ucl.ac.uk). within ten days of an adverse incident 
occurring and provide a  full written report that should include any amendments to the 
participant information sheet and study protocol. The Chair or Vice-Chair of the Ethics 
Committee will confirm that the incident is non-serious and report to the Committee at the 
next meeting. The final view of the Committee will be communicated to you.
Reporting Serious Adverse Events
The Ethics Committee should be notified of all serious adverse events via the Ethics 
Committee Administrator immediately the incident occurs. Where the adverse incident is 
unexpected and serious, the Chair or Vice-Chair will decide whether the study should be 
terminated pending the opinion of an independent expert The adverse event will be 
considered at the next Committee meeting and a decision will be made on the need to 
change the information leaflet and/or study protocol.
4. On completion of the research you must submit a brief report (a maximum of two sides of 
A4) of your findings/concluding comments to the Committee which includes in particular 
issues relating to the ethical implications of the research.
Y
Sir John Birch
Chair of the UCL Committee for the Ethics of Non-NHS Human Research
Cc: Fiona Breen, Department of Epidemiology and Public Health, UCL
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UCL
HOSPITALS
The University College London Hospitals 
The Joint UCL/UCLH Committees on the Ethics of Human Research
Committee Alpha Chairman: Professor Andrf Met .can
Professor J Wardle 
Director
ICRF Health Behavioural Unit
Department of Epidemiology and Public Health
2-16 Torrington Place
Please address all correspondence to: 
Iwona Nowleka 
Research & Development Directorate 
UCLH NHS Trust 
1st Floor, Vezey Strong Wing 
112 Hampstead Road, London NW1 2LT 
Tel. 020 7-380 9579 Fax 020 7-380 9937 
e-mail: iwona.nowicka@uclh.org
4-Oct-OO
Dear Professor Wardle
Study No: 00/0195(Please quote in all correspondence)
Title: Increasing children's acceptance of vegetables: A randomised trial o f guidance to parents
Thank you very much for letting us see the above application which agreed by Chairman’s Action. The 
study can go ahead.
Please note that it is important that you notify the Committee of any adverse events or changes (name of  
investigator etc) relating to this project You should also notify the Committee on completion o f the project, or 
indeed if the project is abandoned. Please remember to quote the above number in any correspondence.
Yours sincerely
-
I 'j Professor Andre McLean, BM BCh PhD FRC Path 
Chairman
l5ruversily College London Hospitals is an NHS Trust incorporating The Eastman Dental Hospital. The Hospital for 
Tropical Diseases, The M iddlesex Hospital, The National Hospital for Neurology & N eurosurgery, The United 
Elizabeth Garrett Anderson Hospital and Hospital for W omen. Soho, and University C ollege Hospital.
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Appendix 5.3: Vegetable diary for exposure group participants in Study 5
LU
CO
?
LU
CD
LU>
> -  
cH  <
Q
CQ
ooCMO
o>00
CDlOoo
>N
CM
260
THINGS TO SAY 
AND DO
At about the same 
time each day, 
before a meal or 
snack, take a small piece 
. and offer it to your child.
Try to let them see you take it out of the 
fridge, and even better, cut off a  piece 
for them while they are watching.
Try to involve your child in the idea of 
what it is and how you prepare it ju s t to 
be eaten raw.
Get your child to identify their vegetable 
from amongst several others.
Ask them * would you try this and tell 
me how you think it tastes?'
If they do not want to try it 
you can:
• Try a  bit yourself and say how I've 
done it, can you do it too?’
• Ask again but no more than you 
can without getting annoyed!
• say  tney aon i nave ro ear it, ju s t 
taste it.
• Try to offer them an even smaller 
piece.
• Ask them ju s t to have a 
nibble/tiny taste of it.
The focus shou ld  be on getting your 
child to ta s te  the  sam e vegetable 
each day, a t th is  point they  don’t 
have to like it!
Once th ey  have tr ied  i t  for not) 
a sk  them  to  p u t  a  yum m y, yu cky  
or OK fa c e  on th e  person  in the  
box fo r  th e  correct day. I f  they  
d id n ’t  ea t an y then p lea se  ju s t  
p u t a  cross in the box fo r  th a t  
day. P lease p ra ise  your ch ild  i f  
th ey  do try  th e  xtegetable but try  
not to  g ive them  an y rew ard fo r  
doing so.
In each d a y  box there is som e  
space fo r  you to  m ake any
® com m ents on going, i.e. i f  have a  lot o f  or an y m ethods w  «  using to  g e t your
ch ild  to  ta s te  the vegetable.
THINGS TO TRY AND AVOID  
DOING
• Getting angry if your child doesn’t  
want to try any.
• Promising a  reward, especially 
another food, if they do try some.
• Giving up even if they refuse for 
several days in a row.
• Threatening punishm ent or loss of 
something they like if they don’t try 
any.
• Avoid any ‘good for you’ , I t ’s nice’ 
type comments.
It is really important to keep the whole 
thing as stress free as possible, both for 
you and your child.
Good luck !!
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Appendix 5.4: Leaflet given to inform ation group participants in Study 5
The m essage is clear. 
If we can increase the 
amount of vegetables 
and fruits we eat, we 
can go a long way to  
securing good health 
and vitality.
In fact, the latest 
research show s that 
if we ea t at least five 
portions of 
vegetables and fruits 
each  day, we can 
reduce our cancer 
risk by more than  20 
per cent. In th e  UK, 
we are currently 
eating an average of 
three portions a  day, 
so  we just need  to  
-onjoy th o se  — ~ 
vegetables and fruits 
a little m ore often!
| To help us succeed ,
; we should m ake 
vegetables and fruits 
j an exciting, 
detectable delight. 
Opt for a variety of 
ta s te s , textures and 
colours. Go for 
vibrant, vitamin- 
packed varieties. Try 
m outhwatering new 
recipes and turn 
vegetables and fruits 
into a visual feast a s  
well a s  a delicious, 
nutritious treat!
Why should we eat vegetables and fruits?
As w ell as looking and tasting great, vegetables and fruits are packed with 
essential nutrients which are vital to our good health. In fact, an increasing 
amount o f research show s that diets rich in vegetables and fruits can help to 
protect us against a number of chronic diseases, including cancer.
How do vegetables and fruits protect us?
Vegetables and fruits are rich in 
vitamins, minerals and fibre, as well as 
a variety of other bioactive compounds. 
Scientists believe that these factors 
work together to help our bodies 
destroy the substances that can cause 
cancer (carcinogens). Evidence also 
suggests that they may even halt or 
reverse the later stages of cancer 
development.
The nutrients -  found abundantly in
vegetables and fruits -  which are 
thought to be of most value in the fight 
against cancer are vitamin C and 
beta-carotene. Scientists also believe 
that dietary fibre, vitamin E and the 
mineral selenium may help to lower 
our risk of cancer. For the best balance 
of these nutrients, we should eat a 
variety of vegetables and fruits each day. 
The bonus is that, as w ell as being 
packed with nutrients, vegetables and 
fruits are wonderfully filling yet low in 
fat and calories.
How much should we eat?
WCRF -  in common with many of the 
world's leading health promotion 
organisations -  recommends that w e 
should aim to eat at least five portions 
of vegetables and fruits every day, 
throughout the year.
Aim for 5+ a day. And don’t feel every 
portion has to be exact. It’s the total 
amount and variety that counts.
What is a portion?
Strictly speaking, a portion is 
equivalent to 80 grams in weight, but 
it's far easier to use some common sense 
when planning everyday meals. Use 
the list below as a rough guide:
Vegetables*
• Most vegetables: 
courgettes, broccoli
s p ip a r h .  Ippk.<t
2 full tablespoons
• Very small 
vegetables: peas, 
sweetcom  -  3 full 
tablespoons
• Green salad -  
1 cereal bowl
Fruits
• Very large fruits: 
melon, pineapple -
1 large slice
• M edium fruits: apple, 
banana, orange -  1 fruit
• Small fruits: kiwis, plums
2 fruits
• Berries: blackberries, strawberries -  
1 full teacup
• Fruit juice: orange, apple -  1 small 
glass (150m l/5fl oz) -  only counts 
once towards your 5+ a day total
•  Potatoes, although an essential part of a healthy diet, 
do not count towards your 5+ a day total. They are 
actually tubers and arv classified as starchy foods like 
pasta and rice.
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Vegetables and fruits 
and cancer risk
Eating the recommended five or 
more portions of vegetables and 
fruits each day can, in itself, 
reduce your risk of cancer by as 
much as 20 per cent. In fact...
• A high intake of vegetables 
and fruits is knmvti to reduce the 
risk of cancers of the mouth and 
pharynx, oesophagus, lung and 
stomach.
A buyer’s guide
When buying fresh foods, look for strong, bright colours and 
choose produce without limp leaves or bruises. Ripen produce 
at room temperature and then refrigerate (except bananas) to 
preserve nutrients. When storing frozen foods make sure your 
freezer is not warmer than -18' C to help preserve nutrients.
• Vegetables are known to reduce 
the risk of cancers of the colon  
and rectum, and may also reduce 
the risk of cancers of the liver, 
prostate and kidney.
* And it is also thought that 
vegetables and fruits reduce the 
risk of cancers of the larynx, 
pancreas, breast and bladder, 
and possibly of the cervix, ovary, 
endometrium (lining of the 
wom b) and thyroid too.
What’s in season?
-Mostfresriproduc©- is availobl© all year round. ■ Uovvcvcr, 
vegetables and fruits that are in season are particularly good 
value and often look and taste the best. Frozen and tinned 
produce can be just as good as fresh, and prices are often very 
reasonable. When choosing tinned varieties opt for those in their 
own juice -  avoid those with added sugar and salt.
Healthy preparation
Prepare vegetables and fruits as close to cooking or serving time 
as possible. Avoid unnecessary peeling, soaking and slicing. 
Exposure to the air and soaking in water reduces vitamin 
content. To preserve flavour and nutritional content, enjoy 
vegetables and fruits raw whenever you can. The golden rule to 
cooking vegetables is to do so quickly, so that they are tender 
yet firm. Steam, stir fry, microwave or boil vegetables quickly in a 
minimal amount of water to preserve vitamin content.
Eat 400-800 grams (15-30 ounces) or five or more portions 
a day of a variety of vegetables and fruits, all year round.
This recom m endation about vegetables an d  fruits is one of fourteen  Diet an d  H ealth  
Recom mendations for the Prevention o f C an ce r based on the findings o f the report: 
Food, Nutrition and the Prevention of Cancer: a global persfvcthv, pub lished  by WCRF in 
1997. The report review ed over 4,500 lead ing  research s tud ies from aro u n d  the w orld  
in the field of d iet, nu trition  and  cancer in o rd er to  p rovide up-to -da te  and  reliable 
advice for ind iv iduals on  how  to p reven t cancer th rough  d ie t an d  lifestyle changes.
World Cancer Research Fund
19 Harley Street. London, W 1G9QJ Tel: 020 7343 4200 Fax: 020 7343 4201 
Registered in London, England No. 2536180. Registered Charity No. 1000739 
Registered Office: 19 Harley Street, London, W1G 9QJ
Follow WCRF's advice and eat 
at least five or more portions a 
day of a variety of vegetables 
and fruits, all year round. You 
will probably look and feel a 
great deal better and you will 
give your body the essential 
nutrients it needs in the fight 
against cancer.
Always plan ahead. A short 
time planning which vegetables 
and fruits to buy and how best 
to use them in your meals will 
help you create more nutritious, 
delicious menus.
Change the focus of your 
meals by planning them around 
vegetables, fruits and other 
plant-based foods. Only add 
small amounts of meat, fish or 
dairy produce for additional 
nutrients, flavour and variety.
_ . . .  .... 
vegetables and fruits. Choose 
brightly coloured and green 
leafy varieties for their taste, 
colour and extra nutrient 
content. Buy vegetables and 
fruits in season for the best 
taste and value.
Always keep a supply of 
frozen and tinned vegetables 
and fruits at home. They are a 
good alternative to fresh 
varieties and they all count 
towards your 5+ portions a day. 
Try adding frozen vegetables 
direct to casseroles and soups 
prior to cooking.
Sneak vegetables and fruits 
into your snacks and remember 
to include dried varieties and a 
glass of vegetable or fruit juice.
World Cancer 
Research Fund
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Appendix 5.5: Leaflet/poster given to inform ation group in Study 5
WORLD CANCER
RESEARCH FUND
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Appendix 5.6: Faces scale used in Study 5
“I t ’s O K
“I t ’s y u c k y ”
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Appendix 5.7: Interview schedule for Study 5 follow-up
INCREASING CHILDREN’S CONSUMPTION OF VEGETABLES
Six week follow up telephone interview schedule:
1. Overall, how did you find following this method?
2. How helpful was the method we suggested? 
most useful bits? least useful bits?
3. Was there any further advice you would have liked at the time?
4. Has taking part in the study changed the way you deal with feeding your children 
at all?
5. Have you used the method since -  e.g. with other foods?
6. Do you have any suggestions/modifications to the method we suggested, from 
your own experience?
7. Does your child still like [target vegetable] more than they did before taking part 
in the study?
8. Has your child’s attitude to vegetables in general changed in any way?
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9. Has taking part in this study made any changes in your family’s eating habits in 
general? How so?
10. a) Who do you think should have this advice to give to people like yourself? 
b) who out o f the following?
GP’s Practice Nurses
Health Visitors School Nurses Community Dietician
11. Please confirm your address for me to make sure we can send you the results of 
the study etc.
12. Are there any questions you would like to ask?
Thank you very much for taking part and helping us with our research.
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Appendix 5.8: Scatter plot showing change in intake of target vegetable from 
pre to post intervention by number of tastings completed (Study 5)
30.00-
20.00-
10.00-
0.00-
- 10.00 -
10 12 1484 62
no of tastings completed
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Appendix 6.1: Paper based on data from Study 6 for submission to the Journal 
of the American Dietetic Association
Promoting acceptance of vegetables in pre-school children from low-income 
families: an ecological pilot study of an exposure-based intervention
Lucy Cooke* and Jane Wardle 
CR-UK Health Behaviour Unit 
Department of Epidemiology & Public Health 
University College London 
United Kingdom
Correspondence: Lucy Cooke, CR-UK Health Behaviour Unit, Dept of
Epidemiology & Public Health, University College London, Gower Street, London
WC1E 6BT, UK
Tel: 0207 679 0948
Fax: 0207 813 2848
Email: lucy.cooke@ucl.ac.uk
Keywords: child, preschool; vegetables; intervention studies; poverty areas
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Abstract
Introduction: Diets high in fruits and vegetables are associated with reduced risk of 
a number of chronic diseases from cancer to cardiovascular disease. Consumption is 
low especially among children. This pilot study tested the acceptability of an 
exposure-based intervention to increase children’s acceptance of vegetables and 
sought to provide evidence of its effectiveness in a sample of low-income mothers 
and their children.
Methods: This pilot study used an uncontrolled pre-post design. Twenty mothers 
and their 2-year-old children were recruited at a children’s centre situated in a 
deprived area of Eastern England. Mothers were given guidance in exposure feeding 
techniques and asked to offer their child a taste of an individually-selected ‘target’ 
vegetable daily for two weeks.
Results: Liking and consumption of the target vegetable both increased post­
intervention (both p<0.05). There was also an increase in the total number of 
vegetables that children had tried (p<0.05), although no changes were seen in 
children’s daily vegetable intake. Mothers were very positive about the intervention 
and about the feeding techniques suggested.
Conclusions: Guidance to parents in exposure feeding techniques increased 
children’s acceptance of vegetables and was welcomed by mothers. These findings 
replicate the findings of previous research in a more deprived population.
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Introduction
Diets high in fruits and vegetables are associated with reduced risk of a number of 
chronic diseases from cancer to cardiovascular disease (Hu et al. 2000;Joshipura et 
al. 2001 ;Liu et al. 2000;World Cancer Research Fund 1997). While these diseases 
are principally experienced in later life, prospective evidence from the Boyd Orr 
cohort suggests that fruit and vegetable consumption in childhood may have a long 
term protective effect on cancer risk in adulthood (Maynard et al. 2003). Benefits 
also accrue in the shorter term, with recent studies showing a relationship between 
intake of fruit and higher bone mass (Tylavsky et al. 2004) and bone mineral density 
(McGartland et al. 2004) in early pubertal girls, and smaller yearly gains in systolic 
blood pressure throughout childhood in high consumers of both fruit and vegetables 
(Moore et al. 2005). Despite a worldwide consensus that a minimum of five portions 
(or 400g) of fruit and vegetables daily are required for good health, few adults and 
still fewer children achieve this level of consumption. In the UK, a survey of 564 
parents of preschoolers found that only 17% of children ate vegetables more than 
once a day and only 30% ate fruit more than once a day (Cooke et al. 2004), while 
data from the Health Survey for England 2002 (http://www.archive2.official- 
documents.co.uk/document/deps/doh/survey02/hse02.htm) found that children aged 
between 5 and 15 years consumed only 2.5 servings of fruit and vegetables a day on 
average.
Attempts to improve the eating habits of school-aged children have frequently 
focused on reducing cognitive or practical barriers to fruit and vegetable 
consumption and promoting understanding of the value to health. In the USA, the 
‘5-a -D ay’ programme includes a number of multi-component school-based projects 
(e.g. (Basch, Zybert, & Shea 1994;Perry et al. 1998a;Perry et al. 1998b;Sorensen et
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al. 1999). These usually have an education component in addition to changes in 
school food provision, and some have involved parents in related activities to 
supplement the curriculum. Despite the intensity of these programs and the 
considerable effort made by researchers and school staff, increases in fruit and 
vegetable consumption have usually been modest.
Other North American 5-a-Day projects have targeted low income, racially diverse 
samples of woman with preschool children, either recruited though WIC (the Special 
Supplemental Nutrition Program for Women, Infants and Children) or Early Head 
Start, a program designed to provide child and family development services to low 
income pregnant women and mothers of preschool children. The Maryland WIC 
Food for Life program (Havas et al. 2003) and the Maryland WIC 5-a-Day program 
(Havas et al. 1998) focused on modifying the mothers’ eating habits. Whilst modest 
increases in mothers’ daily fruit and vegetable intake were achieved after these 
intensive interventions, effects on children’s diet were not assessed. In contrast, the 
Nutrition Education Aimed at Toddlers program (NEAT) was expressly designed to 
promote healthy eating in toddlers though a series of three 90 minute interactive 
education sessions. However, six months after the lessons, no differences in 
knowledge, attitudes, mealtime practices or food intake were observed between 
intervention and control participants.
An alternative approach to intervention emphasizes hedonic factors. It is widely held 
that children eat the foods that they like and research has repeatedly shown 
preferences to be powerful predictors of intake (Domel et al. 1996;Gibson, Wardle,
& Watts 1998;Reynolds et al. 1999). The findings of laboratory-based research have 
suggested a number of promising strategies for increasing children’s liking and
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intake of fruits and vegetables. Though controversial, the use of rewards for 
consuming healthy foods has been successful in two recent school-based 
interventions. The ‘Kids Choice’ intervention used a token reinforcement 
programme to increase fruit and vegetable consumption in North American 6-9 year 
olds (Hendy, Williams, & Camise 2005). Likewise the Food Dudes intervention in 
British schools increased fruit and vegetable intake in 5-11 year olds through the use 
of peer modelling and rewards (Home et al. 2004;Lowe et al. 2004). Concerns that 
rewards for food intake might lead to decreased liking (Birch et al. 1982;Birch, 
Marlin, & Rotter 1984;Newman & Taylor 1992) proved unfounded in both studies, 
perhaps because of the nature of the rewards (small, non-food) and the context in 
which they were given (positive, rather than coercive). Nevertheless, there is 
evidence to suggest that it is the repeated exposure to the taste of foods that is 
responsible for increased liking (e.g. (Birch et al. 1987) and the use of rewards while 
serving to promote exposure could actually lessen its beneficial effect (Wardle et al. 
2003b).
An association between regular and repeated opportunities to taste foods ( ‘mere 
exposure’) and increased liking and consumption is a robust finding in experimental 
studies with infants (Birch et al. 1998;Gerrish & Mennella 2001;Sullivan & Birch 
1994), preschoolers (Birch, McPhee, Shoba, Pirok, & Steinberg 1987;Birch & Marlin 
1982;Sullivan & Birch 1990) and schoolchildren (Loewen & Pliner 1999;Pliner & 
Stallberg-White 2000;Wardle, Herrera, Cooke, & Gibson 2003b). The mechanism 
by which exposure enhances liking is assumed to be through increased familiarity. 
Children are predisposed to prefer familiar foods to those that are novel or unfamiliar 
and this predisposition has been termed neophobia. Emerging at around the age of 
two years, neophobia manifests as an avoidance of and reluctance to taste new foods
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and recent research suggests that it is associated with low fruit and vegetable intake 
(Cooke et al, 2004). These findings suggest that interventions to increase fruit and 
vegetable consumption in preschool children might be particularly important, but this 
is a neglected age group in the intervention literature possibly because of the greater 
difficulty of accessing large numbers.
Probably the most powerful influences on younger children’s eating habits are 
parental attitudes and behaviour and therefore interventions need to be tested in the 
home setting. A recent study attempted to apply findings concerning the efficacy of 
exposure techniques for increasing liking and reducing neophobia, to a real-world 
eating situation. One hundred and fifty six parents of 2-6 year olds were recruited 
for a study of an intervention to help children learn to eat their vegetables (Wardle et 
al. 2003a). Families were visited in their homes and the children were given a taste 
test of six raw vegetables. A moderately disliked target was identified and the family 
was randomly assigned to one of three groups. Parents in the ‘Exposure’ group were 
asked to offer their child a taste of the target every day for two weeks, those in the 
‘Information’ group were given general nutritional advice and a leaflet, while those 
in the ‘Control’ group received no further guidance. The exposure-based 
intervention significantly increased children’s liking and consumption of the ‘target’ 
vegetable and feedback about the intervention was very positive. A particular 
strength of the study lay in its demonstration that parents themselves could carry out 
the exposure procedure with little dilution of the effect that has been observed in the 
laboratory. However, two important shortcomings were identified as targets for 
future research. Firstly, the sample was predominantly white, affluent and highly 
educated, limiting the generalisability of findings to other populations. Secondly, the 
study did not include follow-up beyond two weeks.
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There is a clear need to test the effectiveness of this approach more socio­
economically disadvantaged populations whose fruit and vegetable consumption is 
known to be particularly low (Sproston & Primatesta, 2003). The present pilot study 
was devised to test the acceptability of the content and format of an exposure-based 
intervention, and to provide preliminary evidence of effectiveness in a sample of 
low-income mothers and their 2-year-old children. Follow-up sessions 3 and 7 
weeks after the intervention were planned in order to examine acute effects on 
consumption and liking for a target vegetable, and any more persistent changes in 
eating habits and parental feeding strategies. To address issues of cost- 
effectiveness, the intervention was designed to be delivered to parents in small 
groups rather than one to one.
Research questions were:
•  Will caregivers comply with the exposure procedure as requested?
• Will the intervention result in an increase in children’s liking and 
consumption of their target vegetable 3 weeks post-intervention and will any 
increase be sustained at the 7 week follow-up?
• Will there be effects of the intervention on children’s consumption of 
vegetables in general, or on caregiver’s feeding practices?
• Is the intervention acceptable to caregivers?
Materials and Methods 
Participants and setting
Participants were mothers of children attending parent and toddler groups run by a 
Sure Start Centre in Essex, UK. Sure Start is part of the UK Government’s drive to 
tackle child poverty. Sure Start children’s centres are situated in areas of deprivation
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and help up to 400,000 preschool children and their parents, including one third of 
under-4s living in poverty. Centres offer many services to their clients including: 
parenting skills advice, antenatal care, smoking cessation programmes and toy 
libraries. The Centre in which the study took place is located in one of the top 10% 
most deprived wards in the UK.
One week before the planned intervention session, posters were displayed in the 
Centre informing potential participants that a research study was being carried out, 
and that during the following week’s groups, advice about dealing with picky eating 
and refusal of vegetables would be given.
Procedure
On arrival at the Centre, mothers were given a consent form and questionnaire to 
complete. In a short presentation, the development of children’s food preferences 
was briefly and simply described and the importance of fruit and vegetables to a 
healthy diet emphasized. The techniques of exposure feeding were explained and the 
need for perseverance in the face of initial rejection was stressed.
Mothers were then seen individually by a researcher who helped them to identify a 
‘target’ vegetable for their child -  one that the child typically rejected and the mother 
would like them to eat regularly. Mothers rated their child’s current liking for the 
target. They were asked to use the exposure method (offer a small piece of the target 
to their child every day) for two weeks, at a time when the child was hungry, but not 
as part of a meal. A diary was provided in which mothers could record whether they 
had offered the target each day and whether the child had tasted it. They were then
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given an invitation to return three weeks later with their completed diaries.
Three and 7 week follow-ups also took place at the Centre. At the first of these, 
mothers completed a brief follow-up questionnaire and handed in their diaries. At the 
final follow-up, they completed the last questionnaire and were given a book of 
child-friendly vegetable recipes and a £10 gift voucher in recognition of their efforts.
Measures
Demographics
Demographic information included age (child and parent), ethnicity, employment 
status, marital status, housing tenure, car ownership and education.
Compliance with the exposure procedure
The results of each day’s tasting were recorded in a diary. A box for each day was 
ticked if the target vegetable was offered and accepted by the child, crossed if it was 
offered and rejected, and left blank if tasting did not occur that day.
At baseline and again at the 7 week follow-up, mothers were asked how many times 
they would offer their child a new food before deciding that s/he did or didn’t like it.
Liking and consumption o f the target vegetable
Mothers rated their child’s liking for the target vegetable at baseline by answering 
the following question: “How much does your child like his/her target vegetable?” 
Response options on a 5 point scale ranged from ‘S/he hates it’ to ‘S/he loves it’.
At 3 and 7 week follow-ups, two questions examined the impact of the two weeks of 
tasting on children’s liking and consumption of the target vegetable. The first: “How
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much does your child like his/her target vegetable now?” had five response options 
from ‘S/he hates it’ to S/he loves it’. The second question was ’Compared with 
before the study started, does your child eat his target vegetable....Much more,
More, About the same, Less, or Much less’.
Liking and consumption o f fruit and vegetables
Frequency of fruit and vegetable consumption was assessed with single questions: 
‘How many servings of fruit/vegetables does your child eat on a typical day’ 
(Response options were ‘Less than one a day’, ‘One a day’, ‘Two a day’ and ‘Three 
or more a day’).
Familiarity with, liking for and frequency of consumption of specific vegetables 
were measured using a list of 34 vegetables. First, mothers indicated whether or not 
their child had tried each vegetable. They were then asked to rate their child’s liking 
for it on a 5-point scale from ‘Hates it’ to ‘Loves it’ and finally to indicate how often 
their child ate the vegetable on a 4 point scale: ‘S/he eats it less than once a week’, 
‘S/he eats it 1-2 times per week’, ‘S/he eats it 3-5 times a week’ and ‘S/he eats it 
more than 6 times a week’.
Evaluation o f the content and delivery o f the intervention 
At the 3 week follow-up, mothers answered the question ‘How did you find 
following this method’ by endorsing one or more of the following adjectives: Easy, 
Time-consuming, Useless, Enjoyable, Helpful. A further question required them to 
rate the presentation of the techniques using a four point scale from ’Very good’ to 
‘Poor’.
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At the final 7 week follow-up, a series of questions examined mothers’ assessment of 
the acceptability and usefulness of the intervention, e.g. “How helpful was the 
method we suggested?” (four response options from ‘Very helpful’ to ‘Useless’). 
Other questions were included to tap into any more general and long-lasting effects, 
e.g. “Is your child more willing to try new foods now?, “Has taking part in this study 
changed the way you feed your child/children in any way?”, and “Has taking part in 
the study made any difference to your family’s eating habits in general?”.
Ethical approval for the study was granted by the UCL Committee for the Ethics of 
non-NHS Human Research.
Statistical analyses
Means and standard deviations were calculated for the principal outcome measures 
and subjected to one-sample t tests to assess change from pre- to post intervention.
Results
Participants
Twenty mothers were present at the preliminary sessions, of whom 18 completed 
consent forms and baseline questionnaires in full. One mother was absent at the 3 
and 7 week follow-up sessions, and three more were absent from the 7 week follow- 
up session, leaving 14 participants for whom full data was available. Characteristics 
of mothers and children are given in Table 1.
- Insert Table 1 about here -
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Compliance with exposure procedure
Out of a possible 14 days, mothers offered the target vegetable 11.93 (s.d. 2.89) 
times on average and children tasted their target food a mean of 5.33 (s.d. 4.58) 
times.
The impact o f the intervention
Means and standard deviations of outcomes of interest at baseline, 3 weeks, and 7 
weeks post-intervention are shown in Table 2.
- Insert Table 2 about here - 
Changes in liking and consumption o f the target vegetable
One sample t-tests indicated that there was a significant increase in children’s liking 
for their target vegetable as rated by their mothers from pre- to post-intervention 
(p<0.05) and from baseline to 7 week follow-up (p<0.05). Liking continued to 
increase from post-intervention to follow-up, but this difference was not significant.
Effects of the intervention on consumption of the target vegetable were also positive 
and appeared to improve with time. Three weeks after the intervention, 29% of 
mothers stated that their child ate their target “More” or “Much more” than before 
and this increased to 50% at the 7 week follow-up. Scoring “Much less than before” 
as 1 and “Much more than before” as 5, this positive shift in mothers assessment of 
children’s consumption was significant in a one sample t test (p<0.05).
Changes in other food-related variables
Although mean daily servings of vegetables increased slightly from baseline to 7 
week follow-up, this increase was not significant. The number of times mothers 
offered their child a new food before deciding that he/she didn’t like it showed a
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trend towards an increase (p<0.06). There was a significant increase from baseline to 
the 7 week follow-up in the number of vegetables that children had tried (p<0.05).
Evaluation o f the utility and acceptability o f the intervention
Responses to items concerning observed changes in children’s eating habits indicated 
that most participants (79%) thought that their child was more willing to try new 
foods after the intervention and 42.9% stated that their child had a more positive 
view of vegetables in general. Eighty six per cent of mothers said that they had made 
changes to the way that they fed their child with a particular focus on increasing 
vegetable intake and on persevering in the face of initial rejection of foods (see Box 
1 for examples).
Insert Box 1 about here -
Eighty six per cent stated that they had used the exposure techniques again to 
encourage consumption of other foods. Fifty seven per cent of families had made 
changes to their eating habits, most of which involved increases in the frequency and 
variety of vegetables served (see Box 2 for comments).
- Insert Box 2 about here -
Eighty three per cent of participants rated the presentation on exposure techniques as 
“Good” or “Very good” and no one thought it “Poor”. Mothers endorsed the 
statements about the exposure method itself as follows: Easy = 33%; Enjoyable = 
17%; Helpful = 61%; Time-consuming =17% . No mother described it as useless.
281
A ppendices
Discussion
The aim of this pilot study was to test the acceptability of the programme, and to 
provide evidence of its effectiveness in a low income population of mothers and their 
two year old children. The results were encouraging. Mothers appeared very willing 
to comply with the exposure procedure, offering the target vegetable to their children 
an average of twelve times in the course of three weeks. Increases were seen in liking 
and consumption of the target vegetable three weeks after the intervention and 
further increases, albeit small, were apparent four weeks later. Beneficial effects 
were seen in the general eating habits of children and of families as a whole, as well 
as in parental feeding practices. Crucially, mothers were very positive about both the 
format of the intervention and about the feeding techniques suggested. Indeed many 
said that they had continued to use exposure as a means of encouraging healthy 
eating in their children.
These findings provide some ‘real-world’ evidence of the efficacy of repeated 
exposure in increasing preschool children’s acceptance of foods which has been 
amply demonstrated in experimental studies (Birch et al, 1987; Birch & Marlin 1982; 
Sullivan & Birch 1990). The results are more positive than those of previous 
attempts to improve eating patterns of preschoolers from low income families 
(Horodynski, Hoerr, & Coleman 2004). They are consistent with the findings of a 
randomised controlled trial with more affluent families of the effectiveness of 
guidance to parents in exposure feeding (Wardle et al, 2003a).
Increases in liking and consumption were particularly encouraging given that 
children actually tasted their target vegetable less than six times, on average.
Previous research suggests that as many as 10-15 exposures are required to affect
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change in the preferences of children of this age (Birch et al, 1987; Birch & Marlin 
1982). Although mothers were given some advice about handling food refusal, 
future trials of the intervention should incorporate a greater emphasis on strategies 
for dealing with reluctant tasters.
Strengths of the intervention include its ease of delivery and cost-effectiveness. The 
fact that sessions took place during established mother and toddler groups probably 
maximised participation, because mothers were accustomed to attending the centres 
at those times and did not have to make an additional journey. The presentation was 
relatively brief and none of the group sessions lasted more than 45 minutes. 
Delivering the intervention in groups dramatically reduced time spent and costs 
incurred compared with individual sessions.
The study has limitations, not least in terms of the initial sample size and the fact that 
less than 75% of participants were present for all three sessions, and of course, it was 
an uncontrolled study. However, we had planned it as an exploratory study, the 
findings of which could be used to inform the next sequential stage in the evaluation 
of the intervention -  a definitive RCT (see Medical Research Council, 2000). 
However, the unexpected achievement of statistically significant increases in target 
vegetable liking and intake in such a small sample suggested that effects of the 
intervention on some outcomes were large enough that Type II errors were avoided.
Mothers who attend mother and toddler groups at the Sure Start Centre may be more 
motivated and less deprived than Sure Start clients as a whole. Those who attended 
our sessions may have been particularly interested in nutrition, and possibly better 
informed about food related issues than is the norm amongst this population.
283
A ppendices
However, our sample also included a ‘hard to reach’ group and feedback from these 
mothers was no less positive.
Finally, it is possible that mothers’ responses to our questionnaires were subject to 
social desirability bias. Mothers were well aware that the purpose of the intervention 
was to increase consumption of the target vegetable and may have answered more 
positively than was strictly accurate. However, other outcome measures were less 
vulnerable to such distortion. For example, it seems unlikely that mothers would 
state that their child had tried a vegetable when s/he had not, yet we saw a significant 
increase in total number tried. Likewise participants were not asked to continue to 
use the exposure methods after the intervention period, but many did so voluntarily, 
presumably because they found them effective.
The results of this pilot study in a community setting with a disadvantaged 
population group support previous research which has demonstrated the effectiveness 
of guidance to parents in exposure feeding techniques in increasing children’s 
acceptance of vegetables. The intervention was popular with mothers and the results 
suggested that as well as acute effects on reactions to a specific ‘target’, there may be 
longer lasting and more general effects than have been demonstrated before. The 
demands of the intervention for parents, children and researchers were low. The 
next appropriate step is to conduct a randomised controlled trial of a fully-defined 
intervention at multiple Sure Start centres. If successful, the strategies might be 
teachable using a video format or a manual. These could be produced and 
disseminated to all interested parties concerned with child feeding, expert or 
otherwise.
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Table 1: Characteristics of participants (n=18)
Child’s age in months (mean, s.d.) 28.7 (5.7)
Range: 21-43 months
Mother’s age in years (mean, s.d.) 29.17 (6.5)
Education (%)
No qualifications 16.7
O levels/GCSE 38.9
A levels or National Diploma 27.8
University degree 11.1
Other 5.6
Housing tenure (%)
Owner 50
Renting 50
Marital status (%)
Married 50
Living as married 50
Employment (%)
Full-time homemaker 50
Employed part-time 22.2
Unemployed 22.2
Disabled/too ill to work 5.6
A ppendices
Table 2: Means and standard deviations of principal outcome measures and 
significance of change over time
Baseline 3 week 
follow-up
7 week 
follow-up
Significance of 
difference
Liking for 
target 
(Possible 
scores 1-5)
1.94(0.83) 2.53 (0.72) 2.71 (1.20) Baseline to 3 week f-up:
t(15) = 2.74, p <  0.05 
3 week to 7 week f-up:
ns
Increase in 
consumption 
(Possible 
scores 1-5)
3.24 (0.75) 3.64 (0.75) t(13) = 2.48, p < 0.05
No of times 
a new food 
offered
5.19(5.87) 7.18(6.37) t(12) = 2.15, p = 0.06
Frequency 
of eating 
fruit 
(per day)
2.44 (0.71) 2.43 (0.76) ns
Frequency 
of eating 
vegetables 
(per day)
1.83 (0.92) 2.07(1.0) ns
No of 
vegetables 
ever tried 
(child)
22.07(6.58) 26.43(7.69) t(13) = 2.33, p < 0.05
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Box 1: Mother’s reports of changes made to child feeding practices post­
intervention
CB: I have tried to introduce new foods rather than sticking to the ones we like
KS: Now I am calmer and will offer the same veg/fruit at regular intervals
VT: More variety of fruit/veg. Instead of 2/3 vegetables at dinner time it is now 4/5. 
Salad and fruit is given every lunch time too as well as for snacks
AB: I try to be more positive with feeding my son fruit and veg
VH: I try to give her the right amount of fruit and veg a day
CA: Much more better variety of fruit and vegetables for the children
SP: I try to introduce a lot more new foods
SH: I now offer my child foods he has not tried more often to see if he would like it 
instead of giving up after the first time
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Box 2: Mother’s reports of changes made to family’s eating habits in general 
post-intervention
SH: I try and encourage us all to try new foods 
CA: It makes the family eat more vegetables 
VH: We eat a lot more fruit and veg 
AB: We do try more fruit and veg
KS: We now all eat together which has led to K .... eating more varied foods and 
feeding his self
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g r a d u a t e
The Graduate School
University College London 
Gower Street London WC1E6BT
Professor David Bogle
Head of the Graduate School
Tel: 020 7679 7844 
Fax: 020 7679 7043 
Email: aradschoolhead@ucl.ac.uk
28 July 2005
Professor Jane Wardle 
Director
Cancer Research UK Health Behaviour Unit 
Health Behaviour Unit
Department of Epidemiology and Public Health 
UCL
2nd Floor, Brook House 
2-16 Torrington Place 
London WC1E6BT
Dear Dr Coppola
Re; Notification of Ethical Approval
Project ID:  Increasing Vegetable Consumption in Toddlers: A Trial of 
Guidance to Parents
The above research has been given ethical approval following review by the UCL Committee 
for the Ethics of non-NHS Human Research for the duration of the project subject to the 
following conditions:
1. You must seek Chair’s approval for proposed amendments to the research for which this 
approval has been given. Ethical approval is specific to this project and must not be 
treated as applicable to research of a similar nature. Each research project is reviewed 
separately and if there are significant changes to the research protocol you should seek 
confirmation of continued ethical approval by completing the ‘Amendment Approval 
Request Form’.
The form identified can be accessed by logging on to the ethics website homepage: 
http://www.grad.ucl.ac.uk/ethics/ and clicking on the button marked 'Key Responsibilities of 
the Researcher Following Approval’.
2. It is your responsibility to report to the Committee any unanticipated problems or adverse 
events involving risks to participants or others. Both non-serious and serious adverse 
events must be reported.
Reporting Non-Seiious Adverse Events.
For non-serious adverse events you will need to inform Ms Helen Dougal, Ethics 
Committee Administrator (h.dougal@ucl.ac.uk), within ten days of an adverse incident 
occurring and provide a full written report that should include any amendments to the 
participant information sheet and study protocol. The Chair or Vice-Chair of the Ethics
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Letter to Professor Wardle 28/07/2005
Committee will confirm that the incident is non-serious and report to the Committee at the 
next meeting. The final view of the Committee will be communicated to you.
Reporting Serious Adverse Events
The Ethics Committee should be notified of ail serious adverse events via the Ethics 
Committee Administrator immediately the incident occurs. Where the adverse incident is 
unexpected and serious, the Chair or Vice-Chair will decide whether the study should be 
terminated pending the opinion of an independent expert. The adverse event will be 
considered at the next Committee meeting and a decision will be made on the need to 
change the information leaflet and/or study protocol.
3. The Committee thought that this was an extremely interesting piece of research and 
therefore look forward to receiving a copy of your brief final report (maximum of two sides 
of A4), which MUST be submitted on completion of the research. It would be helpful if 
you could comment in particular on any ethical issues you might wish to draw to the 
attention of the Committee.
Sir John Birch
Chair of the UCL Committee for the Ethics of Non-NHS Human Research
Cc: Lucy Cooke, Health Behaviour Unit, Department of Epidemiology and Public Health
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and some don'ts
• Try not to get angry if your child doesn't
want to try  any
• Don't promise a reward, especially a food
reward, for trying it
• Don’t  give up even if they refuse for several
days in a row
• Don't threaten punishment
• Avoid saying "it’s good for you" or “it tastes
good"
GOOD LUCK AND THANKS FOR HELPING 
WITH OUR RESEARCH
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Target vegetable:
1 1
Day 1 Day 8
Day 2 Day 9
Day 3 Day 10
Day 4 Day 11
Day 5 Day 12
Day 6 Day 13
Day 7 Day 14
Some do's
• At about the same time each day offer your child
a small piece of his/her target vegetable
I f  h e /sh e  doesn't want to ta ste  
it
• Try a bit yourself and say "Now I've done it, can
you try it too?"
• Ask again, but no more than you can without
getting annoyed!
• Say “You don’t have to eat it, just taste it*
• Try to offer an even smaller piece
• Ask them to have a tiny taste  of it 
• TRY AGAIN THE NEXT DAY
I f  your child tries the vegetable, put a tick 
in the box for that day
I f  he/she refuses to try, put a cross
I f  you forget to offer the vegetable on one 
__________ day, leave the box blank__________
A
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Appendix 6.6: Baseline questionnaire for Study 6
I D
UCL
THE CHILD FEEDING SURVEY I
This study is being conducted by the Health Behaviour 
Unit a t University College London. I t  aims to help us 
understand more about diet in children.
We are interested in 2  y e a r - o l d s ,  so please answer the 
questions for your child of th a t age.
There are no right or wrong answers to any of the 
questions and your responses will be 
a n o n y m o u s  a n d  c o n f i d e n t i a l .
T h a n k s  v e r y  m u c h  f o r  t a k i n g  t h e  t i m e  t o  c o m p l e t e  t h i s  q u e s t i o n n a i r e
Contact details:
Lucy Cooke 
CR-UK Health Behaviour Unit 
Department of Epidemiology and Public Health 
University College London
Gower S tree t
■
London
WC1E 6BT 
Email: lucy.cooke@ucl.ac.uk 
Tel: 0207 679 0948
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THE FIRST SECTION ASICS YOU FOR SOME GENERAL INFORMATION ABOUT
YOU AND YOUR CHILD.
How old is you r ch ild? years monthswm ■ &
W hat sex  is you r ch ild ?  Q  |^ a |e
W hat position  in th e  family is  s /h e ?
I I Oldest n  Youngest
W hat re la tionsh ip  a re  you to  th is  ch ild ?
I Mother Q  Father
I I Female
□  Middle Only child
I I Guardian Q  Other 
If other please state: _______________
If applicable, how  m any b ro th e rs  an d  s is te r s  d o e s  your child  hav e?  (Please give numbers)
brothers sisters
P lease  specify  an y  re s tr ic tio n s  on  your ch ild ’s  diet, e .g . food  allerg ies, re lig ious o r health  
restric tio n s
NOW HERE ARE SOME Q U E S T IO N S  ABOUT FEEDING YOUR CHILD WHEN H E/SHE 
W AS A BABY
Before you started giving you child solids, how did you feed him/her? (Please tick) 
Breast feeding only 1 . 1 
Breast and bottle feeding 1 — J 
Bottle feeding only 1----- 1
If you breast fed your baby, how old was he/she when you stopped? months
At what age did you start giving solid foods? months
.
At what age did you first give your child vegetables? months
At what age did you first give your child fruit? months
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THIS SECTION IS  ABOUT YOUR CHILD’S ATTITUDES TO FOOD. PLEASE 
SAY HOW MUCH YOU AGREE WITH EACH STATEMENT
My child is a picky eater
Strongly
disagree
□
Disagree
□
Agree
□
Strongly
agree
□
My child doesn’t like it when 1 cook his/her food in a way 
that he/she is not used to □ □ □ □
My child likes lots of different foods □ □ □ □
My child has a  small appetite □ □ □ □
My child always looks forward to meals □ □ □ □
My child never finishes everything on his/her plate □ □ □ □
My child is a slow eater □ □ □ □
My child rejects certain types of foods (e.g. vegetables or 
meat) □ □ □ □
My child likes to eat the same things time and time again □ □ □ □
My child thinks that many foods are disgusting □ □ □ □
My child likes to mix up all the different foods on his/her 
plate □ □ □ □
My child does not eat enough □ □ □ □
T H IS  SEC TIO N  I S  ABOUT HOW KEEN YOUR CHILD I S  TO  SAMPLE NEW FOODS.
Strongly Disagree Agree Strongly 
disagree agree
My child is constantly sampling new and different foods. □ □ □ □
My child doesn’t trust new foods. □ □ □ □
If my child doesn’t know what is in a food, s/he won’t try it. □ □ □ □
My child is afraid to eat things s/he has never had before. □ □ □ □
My child is very particular about the foods s/he will eat. □ □ □ □
My child will eat almost anything. □ □ □ □
HOW MANY TIMES DO YOU OFFER YOUR CHILD A NEW 
FOOD BEFORE DECIDING THAT HE/SHE DOESN'T LIKE IT ? TIMES
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ON A TYPICAL DAY, W HEN DO YOU EAT FRU IT OR VEGETABLES? 
(P lease put a  c ro ss  (x) in th e  ap p ro p ria te  box)
Fruit Vegetables
(not potatoes)
At BREAKFAST, do you e a t...
I
□c0□
1
j
□□□□
1
1
For a  MORNING SNACK, do you e a t .. .
i
At LUNCH, do  you e a t...
I 1
I1
)
For an  AFTERNOON SNACK, do  you e a t.. . 11 .
At th e  EVENING MEAL, do  you e a t . . . □ 1□
For an  EVENING SNACK, do you e a t .. . □ 1□
...AND YOUR CHILD?
Fruit Vegetables
(not potatoes)
At BREAKFAST, d o e s  your child e a t... □ □
For a  MORNING SNACK, d o e s  your child 
e a t.. . □ □
At LUNCH, d o e s  your child e a t... □ □
For a n  AFTERNOON SNACK, d o e s  your 
child e a t .. . □ □
At the  EVENING MEAL, d o es  your child
e a t... □ □
For an  EVENING SNACK, d o e s  your child 
e a t... □ □
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THIS SECTION IS ABOUT WHICH VEGETABLES YOUR CHILD HAS TRIED, HOW MUCH HE OR SHE LIKES THEM AND HOW
OFTEN HE OR SHE EATS THEM
Never 
tried it How much does vour child like it? (please tick) How often does your child eat it? (please tick)
Food item (Please
tick)
Hates it Dislikes it Neither 
likes nor 
dislikes it
Likes it Loves it Eats it less 
than once a 
week
Eats it 1-2 
times a 
week
Eats it 3-5 
times a 
week
Eats it more 
than 6 times 
a week
Broccoli
Carrots
Cabbage
Cucumber
Parsnips
Peas
Sweet corn
Tomatoes
Celery
Turnips
Swede
Sweet
potatoes
Sweet
peppers
Spinach
Cauliflower
Courgettes
Green
beans
Mushrooms
A
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Never 
tried it How m uch d o e s  vour child like it? (p lease  tick) How often d o es  your child ea t it? (p lease  tick)
Food item (Please
tick)
Hates it Dislikes it Neither 
likes nor 
dislikes it
Likes it Loves it Eats it less 
than once a 
week
Eats it 1 -2 
times a 
week
Eats it 3-5 
times a 
week
Eats it more 
than 6 times 
A week
Yams
Plantains
Leeks
Onions
Lettuce
Sprouts
Baked
beans
Avocado
pears
Bean
sprouts
Watercress
Beetroot
Runner
beans
Spring
greens
Garlic
Lentils
Broad
beans
---- --- - Appendices
...AND NOW PLEASE ANSWER THE SAME QUESTIONS FOR YOURSELF
I iilflI i l l l §?f ’ i I v>i I l i [ ®1 M
Never 
tried  it How m uch do YOU like it? (p lease  tick) How often do YOU ea t it? (p lea se  tick)
Food item (Please
tick)
1 hate it 1 dislike it 1 neither 
like nor 
dislike it
1 like it 1 love it 1 eat it less 
than once a 
week
1 eat it 1 -2 
times a 
week
I eat it 3-5 
times a 
week
I eat it more 
than 6 times 
a week
Broccoli
Carrots
Cabbage
Cucumber
Parsnips
Peas
Sweet corn
Tomatoes
Celery
Turnips
Swede
Sweet
potatoes
Sweet
peppers
Spinach
Cauliflower
Courgettes
Green
beans
Mushrooms
Never 
tried it How m uch do YOU like it? (p lease  tick) How often do  YOU ea t it? (p lease  tick)
Food item (Please
tick)
1 hate it 1 dislike it 1 neither 
like nor 
dislike it
1 like it 1 love it 1 eat it less 
than once a 
week
1 eat it 1-2 
times a 
week
I eat it 3-5 
times a 
week
I eat it more 
than 6 times 
A week
Yams
Plantains
Leeks
Onions
Lettuce
Sprouts
Baked
beans
Avocado
pears
Bean
sprouts
--- ' -----
Watercress
Beetroot
Runner
beans
Spring
greens
Garlic
Lentils
Broad
beans -------------
YOUR CHILD
.................................... Less than one a day One per day Two a day Three or more a day
VEGETABLES (including 
tinned or frozen, but not 
Including potatoes)
FRUIT
(including tinned, dried or 
frozen, NOT including 
juice)
..AND YOU
Less than one a day One per day Two a day Three or more a day
VEGETABLES (including 
tinned or frozen, but not 
including potatoes)
FRUIT
(including tinned, dried or 
frozen, NOT including 
juice)
* A serving equals 1 apple, a handful or grapes, a cereal bowl of salad, or 2 tablespoons of peas
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T H IS  SEC TIO N  I S  ABOUT YOUR A TTITUDES TOWARDS VEGETABLES. 
P lease say  how much you a g re e  w ith each  s ta te m e n t
Strongly
disagree
Disagree Neither
agree
nor
disagree
Agree Strongly
agree
Sometimes 1 don’t serve fresh vegetables in my 
home because they take too much time to 
prepare.
□ □ □ □ □
Canned and frozen vegetables are faster to fix 
for a meal than fresh vegetables. □ □ □ □ □
Fresh vegetables can be expensive to buy 
compared to canned or frozen. □ □ n•—1 □ □
It can get expensive to eat vegetables every 
day. □ □ □ □ □
My child/children do not like a wide variety of 
vegetables. □ □ □ □ □
Adults in my household do not like a wide 
variety of vegetables. □ □ □ □ □
The child/children in my household are not 
usually interested in trying new vegetables. □ □ □ □ D
The adults in my household are not usually 
interested in trying new vegetables. □ □ □ □ □
Fresh vegetables are a waste of money 
because they go off so quickly
D
□ □ □ □
There are no shops near to where 1 live where 1 
can buy fresh vegetables □ □ □ □ □
In my household, we tend to eat more 
vegetables in the summer. □ □
_ . . .  _
□
.
□ □
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FINALLY, WE WOULD LIKE TO  ASK YOU A FEW Q U E S T IO N S  
ABOUT YOURSELF.
Are you  m ale o r fem ale?  
How o ld  a re  y o u ?
W hat is  your m arital s ta tu s ?
[^Single
□  Male | [Female
years.
I | Married
I I Separated □  Divorced 
How w ould you d e s c r ib e  your e th n ic  o rig in?
□ □ v in g  as 
married
^Widowed
W hat educational q ua lifica tions h av e  you  o b ta in ed ?
□ N o  qualifications □N ational diploma (HND, ONC)
□ s c h o o l certificate, GCSE, O level □university  degree / higher degree
3  level □ o th e r  Please state __________
Are you currently :
I I Employed full time 
Employed part time 
I I Unemployed 
]  Disabled / too ill to work
Do you ow n or ren t y ou r h o m e ?
3  Own it / buying it □  Rent it
EH Full time homemaker 
I | Retired 
I I Student 
]  Other Please state
D oes your h o u seh o ld  have  a  c a r?
^ ] no □  Yes, 1 car
I Other
□  Yes, more than 1 
car
PLEASE W RITE YOUR TELEPHONE NUMBER HERE SO  THAT WE CAN CONTACT
YOU IF  NECESSARY
  .__
  ' ' " -------_________ ___
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Appendix 6.7: Three-week follow-up questionnaire for Study 6
ID:
UCL
THE CHILD FEEDING 
SURVEY I I
In this questionnaire we want to know how you got on with the 
feeding methods we told you about last time. Please be as 
honest as you like!
Contact details:
Lucy Cooke 
CR-UK Health Behaviour Unit 
Department of Epidemiology and Public Health 
University College London 
Gower S treet 
London 
WC1E 6BT 
Email: lucy.cooke@ucl.ac.uk 
Tel: 0207  679 0948
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PLEASE TELL US HOW YOU GOT O N ..
1. How did you find following this method?
(Tick all boxes that apply) Easy
Time consuming 
Useless 
Enjoyable 
Effective
□□□□□ 
Helpful
Other comments
2. How much does your child like his/her ta rg e t vegetable now?
S/he hates S /he dislikes S /he neither S /he likes S /he loves 
it it likes nor it it
□ i— ) dislikes it i— i i— •U  □  U  □
3. Compared with before the study started , does your child eat 
his/her target vegetable...
Much less Less About the same More Much more
□ □ □ □ □
316
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4. What methods did you use to persuade your child to try  the 
vegetable if he/she didn’t  want to? (tick all that apply)
CD Try it yourself CD Say “You only have to ta s te  a tiny bit"
CD O ffer an even smaller piece ID  O ffer a reward
- i§M II i ; 1118 |  j|8111H JJSill
I 1 r — 1
I i Get cross! I I O ther (please specify)
'
5. How would you rate  the presentation?
Very good Good OK Poor
□ □ □ □
6. Please tell us which topics you would like to cover in our final 
workshop (tick all th a t are of interest)
□  Vegetable preparation
□  Child nutrition
□  Child-friendly recipes using vegetables
□ Tips to  encourage healthy eating
■
O ther (please spec ify )________________________________________
Many thanks for taking the time to complete this questionnaire
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Many thanks for taking part in our research study.
We hope that you and your child enjoyed taking part.
Contact details:
Lucy Cooke 
Cft-UK Health Behaviour Unit 
Department of Epidemiology and Public Health 
University College London 
Cower S treet  
London 
WC1E 6BT
Email: lucy.cooke@ucl.ac.uk £
Tel: 0207  679 0948 H
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Appendix 
6.8: Seven-week 
follow-up 
questionnaire 
for 
Study 
6
THIS SECTION IS  ABOUT WHICH VEGETABLES YOUR CHILD HAS TRIED, HOW MUCH HE OR SHE LIKES
THEM AND HOW OFTEN HE OR SHE EATS THEM
Never 
tried it How much does your child like it? (please tick) How often does your child eat it? (please tick)
Food item (Please
tick)
Hates it Dislikes it Neither 
likes nor 
dislikes it
Likes it Loves it Eats it less 
than once a 
week
Eats it 1 -2 
times a 
week
Eats it 3-5 
times a 
week
Eats it more 
than 6 times 
a week
Broccoli
Carrots
Cabbage
Cucumber
Parsnips
Peas
Sweet corn
Tomatoes
Celery
Turnips
Swede
Sweet
potatoes
Sweet
peppers
Spinach
Cauliflower
Courgettes
Green
beans
Mushrooms
Never 
tried  it How m uch d o e s  vour child like it? (p lease  tick) How often d o e s  your child ea t it? (p lease  tick)
Food item (Please
tick)
Hates it Dislikes it Neither 
likes nor 
dislikes it
Likes it Loves it Eats it less 
than once a 
week
Eats it 1-2 
times a 
week
Eats it 3-5 
times a 
week
Eats it more 
than 6 times 
A week
Yams
Plantains
Leeks
Onions
Lettuce
Sprouts
Baked
beans
Avocado
pears
Bean
sprouts
Watercress
Beetroot
Runner
beans • r - .
Spring
greens
Garlic
Lentils
Broad
beans
................."
HERE WE WOULD LIKE TO KNOW HOW MANY SERVINGS* OF FRUIT AND VEGETABLES YOUR CHILD NOW
EATS ON A NORMAL DAY
! L ess th an  one a day O ne per day Two a  day T hree or m ore a  day
VEGETABLES
(including tinned or frozen, 
but not including potatoes)
FRUIT
(including tinned, dried or 
frozen, NOT Including 
juice)
*A se rv ing  e q u a ls  1 apple, a handful o r g rap es , a ce real bowl of sa lad , or 2 ta b le sp o o n s  of p e a s
to
HOW MANY T IM ES  WOULD YOU OFFER YOUR CHILD A NEW
FOOD BEFORE DECIDING THAT H E/SH E DOESN'T LIKE IT ?
.
TIM ES
A
ppendices
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NOW PLEASE TELL US WHAT YOU THINK ABOUT TH IS STUDY
Not very helpful Useless
£ ■. »’— '■ .^ .-U -----
How helpful w as  th e  m ethod  w e su t
Quite helpfulVery helpful
W hat w ere  th e  m o st usefu l b its?
---
W hat w ere  th e  le a s t usefu l b its?
W as th e re  an y  fu rth e r adv ice  you w ould  hav e  liked a t th e  tim e ?
H as tak ing  p art in th e  s tu d y  c h a n g e d  th e  w ay you feed  your ch ild /ch ild ren
Have you  u se d  th e  m ethod  s in ce , e .g . with o th e r  fo o d s?
Yes No
/
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C om pared  w ith before th e  s tu d y  s ta r te d , d o e s  your child  e a t h is /h e r ta rg e t 
vege tab le ..
Much less Less About the More Much more
same
□ □ □ □ □
How m uch  d o e s  your child  like h is /h er ta rg e t v eg e ta b le  now ?
S/he hates S/he dislikes S/he neither S/he likes S/he loves 
it it likes nor it it
dislikes it_________
□
H as your ch ild ’s  a ttitude  to  v e g e ta b le s  in g enera l c h a n g e d  in an y  w ay? 
Y es No
□ □
(If yes, please describe)
H as taking p art in th is  s tu d y  m ad e  an y  d iffe rence  to  your fam ily’s  ea ting  
h ab its  in g en e ra l?
Y es No□ □
If yes, in what way?
Is your child  m ore  willing to  try  new  fo o d s  now ? 
Y es No□ □
Who d o  you th ink  sh o u ld  give th is  kind of inform ation to  ca re g iv e rs?
(Tick as many as you wish)
xfemv (>V /-vy.v, y>S ,/•
Doctors □  Health Visitors □
Practice Nurses □  Dieticians □
Other (please specify_______ ______________ , ■ ■
: ■ '-V-
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Appendix 6.9: Cover of recipe book given to all participants in Study 6
The Tilbury Sure Start 
Child-friendly 
Vegetable Recipe 
Collection
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